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Abstract(
Type"1"diabetes"is"a"challenging"condition"to"manage"effectively."Utilising"the"
mesenchymal" stem"cell" (MSC)" secretome" is" an"avenue"being" researched" in"
regenerative" medicine" which" could" potentially" ameliorate" the" condition."
Previous" studies" have" identified" potential" antiZapoptotic," trophic" and"
immunomodulatory"factors"that"may"be"implicated"in"its"therapeutic"effect."
We"theorise"that"ILZ10"may"play"an"important"role"in"disease"modulation."This"
study"aims"to"explore"the"effects"of"MSCZconditioned"medium"(MSCZCM)"on"
in#vitro"and"in#vivo"models"of"diabetes"as"well"as"to"characterise"the"presence"
of"ILZ10"receptors"on"beta"cell"lines."
"
BRINZbd11"and"TC6"cells"were"exposed"to" increasing"concentrations"of"proZ
inflammatory"cytokines"(TNFα,"IFNγ,"ILZ1β)"implicated"in"the"pathogenesis"of"
type"1"diabetes"for"24"hours,"both"in"the"presence"and"absence"of"MSCZCM."
MTT"assays"were"used"to"determine"falls"in"viability."To"determine"the"effect"
of"MSCZCM"on"an"in#vivo"model"of"diabetes,"diabetes"was"induced"in"mice"via"
intraperitoneal"injections"of"STZ."Mice"treated"with"Intraperitoneal"MSCZCM"
were" compared" to" untreated" diabetic" mice" and" a" nonZdiabetic" control." A"
plasma" insulin" ELISA," DEXA" scans" and" pancreatic" histology" were" used" for"
IV"
"
analysis."Characterisation"of"ILZ10"on"BRINZbd11"and"TC6"cells"was"performed"
using"electrophoresis"and"immunofluorescence"techniques.""
"
This" thesis" demonstrates" that" the"MSCZCM" ameliorates" falls" in" viability" of"
BRINZbd11"and"TC6"cell" lines"in"the"presence"of"proZinflammatory"cytokines"
implicated" in" the" pathogenesis" of" diabetes" in" an" in# vitro" model." It" also"
demonstrates" that" MSCZCM" potentially" improves" the" histology" and"
biochemistry"of"diabetic"mice"in#vivo."We"also"demonstrated"the"presence"of"
ILZ10"receptors"on"beta"cell"lines."
"
Thus,"MSCZCM"appears" to"be"a"potential" therapeutic" tool" for"use" in" type"1"
diabetes." Further" research" needs" to" be" conducted" to" determine" the"
mechanisms" through" which" paracrine" factors" including" ILZ10" exert" their"
therapeutic"effect."
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1.1! Islet!Transplantation!and!Stem!Cell!Therapies!
1.1.1!Islet!Cell!Transplantation!
The!discovery!of!insulin!and!its!extraction!from!animal!pancreas!by!Banting!et#
al.! resulted! in!dramatic! improvements! in!the!quality!of! life!of!patients!with!
diabetes.
(1)
!Treatments!before!this!had!largely!consisted!of!strict!diets!which!
were!not!very!successful,!and!diabetes!was!a!fatal!condition.
.(2)
!However,!the!
use! of! exogenous! insulin! is! not! a! cure,! and! it! poorly! mirrors! the! normal!
physiological! response! to! changes! in! blood! glucose.! Poor! glucose! control!
increases!the!risk!of!complications!including!microvascular!complications!such!
as! diabetic! neuropathy! and! retinopathy! and! macrovascular! complications!
such! as! stroke! and! ischaemic! heart! disease.
(3)
The! Diabetes! Control! and!
Complications!Trial! showed!that! intense! insulin! therapy! reduced!secondary!
complication!rates!in!patients!at!the!cost!of!severe!episodes!of!hypoglycaemia!
in!the!majority!of!patients.
(4)
!Treatments!have!improved!over!the!years!with!
the! advent!of! new! insulin! analogues,! blood!glucose!monitoring! and! insulin!
pumps,!but!adequate!glucose!control!still!requires!diligence!on!the!part!of!the!
patient!and!their!care!team.!!
!
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The! idea! of! transplanting! islets! to! obtain! a! physiological! insulin! response!
predates!the!advent!of! insulin!therapies!for!type!1!diabetes.!Early!attempts!
included! that! of! WatsonMWilliams! et# al.,! who! performed! a! subcutaneous!
xenotransplant!of!minced!sheep!pancreas!into!the!thigh!of!a!child!who!was!
ketoacidotic.
(5)
! The! child’s! condition! improved! initially,! but! the! graft!
subsequently!failed,!most!likely!due!to!rejection!and!ischaemia!at!the!poorly!
vascularised! site.! In! the! 1960s! islet! isolation! and! transplantation! was!
pioneered! by! Lay! et# al.,! who! successfully! demonstrated! restoration! of!
normoglycaemia! in! diabetic! Lewis! rats! that! received! transplantation! of!
healthy!islets!isolated!from!nonMdiabetic!Lewis!rats.
(6)
!These!results!were!not!
duplicated!in!human!patients!however.!Ricordi!et#al.!developed!an!automated!
method! of! isolating! human! cadaveric! pancreatic! islets! in! 1988,! making!
obtaining!therapeutic!quantities!of!islets!for!transplantation!easier.
(7)
!
!
In!2000!the!Edmonton!group!published!a!landmark!study!in!which!all!seven!
patients!who!received! islet! transplantations! from!cadaveric!donors!became!
insulin! independent! after! the! procedure,! as! measured! by! normalised!
glycosylated!haemoglobin!(HbA1C)!levels!following!a!median!follow!up!of!one!
year.
(8)
! The! procedure! involved! isolation! of! pancreatic! islets! via! controlled!
!
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!
ductal!perfusion!of!liberase!human!islet!enzyme!and!subsequent!digestion!of!
the!pancreas!in!a!Ricordi!chamber!and!purification!by!Ficoll!densityMgradient!
centrifugation.!Islet!preparations!were!!matched!for!blood!type!and!matched!
for! lymphocytic! antibodies
(8)
! The! freshly! purified! islets! were! subsequently!
infused!into!the!portal!vein!of!the!recipient!!immediately,!removing!the!need!
for!islet!culture
(8)!
A!cumulative!>11,000!islets!equivalent!(IE)!per!kilogram!body!
weight! was! delivered! on! average! to! each! patient! to! achieve! insulin!
independence.!(Figure!1.1).
(8)!
!One!islet!equivalent!(IE)!is!considered!equal!to!
a!pancreatic!islet!with!a!diameter!of!150µm.(8)!
!
Figure#1.1# :#Depiction#of# the# islet# transplantation#process.# Islets#are# isolated#from#the#donor#and#
purified# before# being# introduced# in# to# the# hepatic# vasculature# via# the# hepatic# portal# vein.# Islets#
engraft#in#the#liver#and#secrete#insulin.#(Image#adapted#from:#Diabetes#Research#Institute,#Miami)#(9)#
!
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The!cumulative!transplantation!of!>11,000!islets!equivalent!(IE)!/kg!(weight!of!
recipient)! was! one! of! the! key! modifications! of! the! islet! transplantation!
procedure! introduced! by! the! Edmonton! protocol! that! contributed! to! it’s!
success.
(8)
!This!was!achieved!by!transplanting!a!large!islet!mass!from!at!least!
two!donors!over!multiple!transfusions.
(8,10)
!Early!islet!transplantations!failed!
partly! due! to! insufficient! transfusion! and! subsequent!engraftment! of! islets!
and! immediate! loss! of! islets! through! non! immuneMmediated! inflammatory!
pathways,!resulting!in!an!inadequate!working!islet!mass.
(8)
!Indeed,!Shapiro!et#
al.!fond!that!infusion!of!islets!from!a!single!donor!was!insufficient!to!achieve!
insulin!independence.
(8)
!The!study!found!that!a!cumulative!transplantation!of!
(>11,000!islets/kg)!from!at! least!two!cadaveric!donors!administered!over!at!
least! two! transfusions! within! 3! months! could! reliably! achieve! insulin!
independence.
(8)
!
!
!
A!glucocorticoid!sparring!immunosuppressive!regime!was!subsequently!used!
to! prevent! graft! rejection,! consisting! initially! of! induction!with! Daclizumab!
followed! by! maintenance! therapy! with! Tacrolimus! and! Sirolimus.
! (8)!
! As!
discussed! later,! the! omission! of! glucocorticoids! is! another! important!
modification!key!to!the!Edmonton!Protocol’s!success.!!
!
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A!longMterm!followMup!of!the!Edmonton!Protocol!for!islet!transplantation!was!
published! in! 2016.
(11)!
The! study! followed!up! seven!patients! enrolled! in! the!
NIS01!clinical!trial!who!received!multiple!islet!transplants!in!accordance!with!
the!Edmonton!protocol.
(11)
!These!patients!were!subsequently!enrolled!in!the!
EXIIST! extension! study! which! demonstrated! that! all! seven! subjects! had!
continued!islet!function!for!over!a!decade!after!initial!transplantation.
(11)
!By!
the!end!of!the!study!one!subject!remained!insulin!independent!without!the!
need! for! supplemental! transplant! and! six! demonstrated! continued! islet!
function.! Three! of! the! subjects! however! required! a! supplementary! islet!
transplant!each,!which!involved!a!further!islet!transplant!outside!of!the!NIS01!
clinical!trail!four!years!after!the!trials!completion.
(11)!
!
The! initial! results! of! the! Edmonton! Protocol! sparked! renewed! interest! in!
research! into! the! transplantation! of! islets,! with! many! groups! trying! to!
reproduce! the! results.! In! 2006! an! international! trial! involving! nine!
international!centres!(six!in!North!America!and!three!in!Europe)!was!carried!
out! to! determine! if! the! results! of! the! Edmonton! Protocol! were!
reproducible.
(10)
! 2000! prospective! subjects! were! screened! to! determine!
eligibility!for!enrolment!in!the!trial.!149!of!these!fulfilled!the!screening!criteria!
!
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and!were!referred!to!the!nine!centres.!All!nine!sites!enrolled!subjects!and!a!
total!of!36!subjects!were!enrolled!in!the!study.
(10)
!The!36!subjects!received!up!
to!three!islet!transplantations!in!accordance!with!the!Edmonton!protocol!to!
achieve! insulin! independence.
(10)!
The!results!showed!that!44%!(16!of!36)!of!
the! subjects! reached! the! primary! endpoint,! which! was! defined! as! insulin!
independence! with! adequate! glycaemic! control! one! year! after! final!
transplantation.
(10)
!28%!(10!of!36)!of!subjects!had!partial!graft!function!after!
one!year,!which!was!defined!as!a!CMPeptide!level!of!at!least!0.3ng!per!millilitre!
and!a!requirement!for!insulin!or!inadequate!glycaemic!control.
(10)
!and!28%!(10!
of!36)!had!complete!graft!loss,!defined!as!an!initial!CMpeptide!level!of!<0.3ng!
per!millilitre!either!immediately!after!transplantation!(nonMfunctioning!graft)!
or! within! 2! months! of! transplantation! (early! loss! of! graft).
(10)
! The! study!
concluded! that! islet! transplantation! may! successfully! restore! long! term!
endogenous!insulin!production!and!glycaemic!stability!in!patients!with!type!1!
diabetes!who!had!initially!unstable!baseline!controls.
(10)
!
!
The!Collaborative!Islet!Transplant!Registry!has!collected!islet!transplant!data!
since!1999!from!allogenic!transplant!programs!from!several!countries!in!North!
America,!Europe!and!Asia.
(12)
!A!report!by!Barton!et#al.!analysed!677!islet!alone!
!
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or! islet!after!kidney! recipients! in! the!Collaborative! Islet!Transplant!Registry!
between!1999!and!2010.!The!study!showed!gradual!improvements!in!insulin!
independence!rates!post!islet!transplant!from!27%!three!years!postMtransplant!
in!the!early!era!of!islet!transplantation!(1999M2002)!to!44%!in!the!years!2007M
2010.
(13)
! Improvements! in! islet! isolation,! peritransplant! handling! to! reduce!
cold! ischaemia! loss! of! islets,! as! well! as! improvements! in! the!
immunosuppression! regimen! to! reduce! toxicity! to! transplanted! islets!
contributed! to! the! gradual! improvement! in! retention! of! graft! function! in!
transplant!patients.
(13)
!
!
Although! the! results!are!promising,! there!are!currently!many! limitations! to!
islet! transplant!procedures.! Since! transplantable! islets! can!only!be! sourced!
from!brainMdead!donors,!the!number!of!cadaveric!pancreata!available!for!islet!
transplantation! is! limited.
(14)
! In!studies! like!the!Edmonton!Protocol!multiple!
donors!were!required!to!obtain!sufficient!islets!to!carry!out!one!procedure.!
Furthermore,! multiple! islet! transplantations! are! often! needed! to! obtain! a!
sufficient!working!islet!mass!to!achieve!insulin!independence,!compounding!
the!issue!with!islet!shortage!for!transplantation.
(8)
!!
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The!viability!of!the!islets!depends!very!much!on!handling,!from!the!time!taken!
to!harvest!the!islets!to!processing!and!purifying!of!the!cells.
(15)
!The!cells!are!
highly! susceptible! to! ischaemia,! although! methods! of! prolonging! the! cold!
ischaemic! time,! including! the! use! of! continuously! oxygenated!
perfluorocarbons,!have!recently!been!used!to!good!effect.
(16)
!The!Edmonton!
protocol!limits!cold!storage!time!to!less!than!13!hours!,!including!islet!isolation!
time,!which!could!be!another!factor!contributing!to!!it’s!success.
(17)
!
!
!
Due! to! the! limited! supply! of! islets,! criteria! for! inclusion! in! the! trials! are!
relatively!stringent.!Ideal!candidates!for!trials!as!described!by!!Srinivan!et#al.!
are! insulinMsensitive! individuals! with! type! 1! diabetes! who! have! poor!
hypoglycaemia! awareness! and! recurrent! severe! hypoglycaemic! episodes!
despite!optimal!medical! therapy.
(14)
!Progressive!secondary!complications!of!
diabetes! such! as! diabetic! retinopathy,! diabetic! nephropathy! and! diabetic!
neuropathy!is!another!criterion!cited.
(14)
!
!
In!addition!to!problems!in!the!supply!of!islets,!complications!associated!with!
the!procedures!also!need!to!be!contended!with.!Some!of!the!complications!
!
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include!portal! vein! thrombosis,!which!can!have!a! fatal!outcome,!as!well!as!
portal! hypertention.
(18)
! Islets! tend! to! cause! blood! to! clot,! affecting! their!
viability! in! a! process! termed! the! ‘instant! bloodMmediated! inflammatory!
reaction’.
(19)
!This!process!is!cited!as!one!of!the!reasons!for!the!poor!success!
rates!before!the!Edmonton!Protocol.
(14)!
Addition!of!heparin!to!prevent!blood!
coagulation!in!the!suspension!of!islets!for!infusion!in!the!Edmonton!Protocol!
to!address!this!issue!probably!contributed!to!the!success!of!the!transplants.
(14)!
Because!of!the!complexities!and!risks!involved,!treatment!requires!the!input!
of!a!multidisciplinary!team.!The!team!includes!specialists!from!a!wide!range!
of! fields! including! endocrinologists,! transplant! surgeons! and! interventional!
radiologists.
(20)
! Psychologists! are! also! involved!who! determine! the! patients!
motivation! to! adhere! to! treatment! and! mental! fitness! to! undergo! the!
procedure.
(20)
!
!
Immunosuppressants!are!required!after!transplant!to!prevent!rejection!of!the!
transplanted!grafts.! Ironically,! the! immunosuppressants!used! in! these!trials!
were! toxic! to! the! transplanted! grafts! and! impaired! their! function.
(21)!
Glucocorticoids!were! recognised! to! be! cytotoxic! to! transplanted! islets! and!
their! omission! from! the!maintenance! regimen! in! trials! like! the! Edmonton!
!
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!
Protocol!contributed!to!their!success.
(21)!
Calcineurin!inhibitors!are!nephrotoxic!
and!have!been!shown!to!result!in!the!progression!of!diabetic!nephropathy.
(22)
!
Kidney!function!has!been!found!independently!to!predict!mortality!of!patients!
with!diabetes.
(23)
!Use!of!these!drugs!in!patients!with!diabetesMrelated!kidney!
disease!may!increase!mortality!in!these!patients.!!
!
Immunosuppressants! also! have! many! side! effects.! Immunosuppressed!
transplant!patients!are!known!to!be!at!greater!risk!of!opportunistic!infections!
and!certain!cancers,!including!lymphomas,!Kaposi!sarcomas!and!other!forms!
of!sarcoma
.(10)!
Other!noted!side!effects! include!mouth!ulcers,!GI!symptoms,!
fever!and!chest!pains.
(10)
!
Research! currently! underway! to! address! these! issues! includes! finding!
alternative!sources!of! islet!cells.!Avenues!being!explored! include!xenogenic!
islet!transplants,!as!well!as!deriving!insulinMproducing!cells!from!stem!cells!The!
next!section!will!review!research!into!utilising!the!differentiating!potential!of!
stem!cells!to!replace!islet!cells!lost!in!autoimmune!diabetes.!
!
!
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1.1.2!Generation!of!Insulin9Producing!Cells!from!Human!Embryonic!
Stem!Cells!(hESCs)!!
A! shortage! of! suitable! islet! donors! to! meet! the! demand! for! pancreatic!
transplantation!has!led!to!research!into!ways!to!generate!supplies!of!insulinM
secreting!cells.!The!use!of!stem!cells!is!one!avenue!that!has!been!extensively!
researched!and!could!potentially!provide!a!limitless!source!of!insulin!secreting!
cells!for!transplant.!!
!
Human! embryonic! stem! cells! (hESCs)! are! pluripotent! stem! cells! that! are!
capable! of! differentiating! into! all! three! germ! layers! of! embryonic!
development! (ectoderm,!mesoderm!and! endoderm).
! (24)
! These! cells! exhibit!
characteristics!of!pluripotency,!including!forming!tumours!containing!tissue!of!
more! than! one! germ! layer! (teratomas)! when! injected! into!
immunocompromised!murine!models,!as!well!as!the!ability!to!integrate!into!
developing!embryos!to!form!a!chimeric!organism.
(25,26)
!This!has!led!to!research!
aimed!at!exploiting!the!capacity!of!pluripotent!stem!cells!to!differentiate!into!
other!cell!types!for!use!in!medical!therapy!(Figure!1.2).#
!
!
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!
Figure#1.2#:#Depiction#of#the#derivation#of#Embryonic#stem#cells#(ESCs)#from#the#inner#cell#mass#(ICM)#
of#preFimplantation#blastocysts.#ESCs#cultured#in#vitro#have#the#capacity#to#differentiate#into#cells#of#
all#three#germ#layers#for#therapeutic#use#in#patients.#(Image#adapted#from#Nelson#et#al,#2009).#(27)#
!
hESCs!were!first!successfully!isolated!and!cultured!from!mice!in!1981,!when!
the!cells!were!isolated!from!the!inner!cell!mass!of!preMimplantation!embryos!
and!placed!on!mitotically!inactivated!murine!feeder!cells.
(28)
!The!isolation!of!
human! embryonic! stem! cells! followed! in! 1998.
(29)
! The! ability! of! hESCs! to!
differentiate!into!many!different!cell!types!has!been!extensively!researched!
for! use! in! many! diseases,! including! type! 1! diabetes.! The! first! study! to!
demonstrate! functional! insulinMsecreting! cells! generated! from! hESCs! was!
!
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published!in!2008.
(30)
!Since!then!many!groups!have!published!protocols!for!the!
production!of!beta!cells!from!hESCs.!
!
Cells!are!cultured!on!feeder!cells!which!are!cells!used!in!coMculture!techniques!
that!support!the!growth!of!other!cells!in!the!culture.
(31)
!Commonly!used!feeder!
cells! for! hESC! cultures! include!mouse! embryonic! fibroblasts.
(32)
! These! cells!
support! hESCs! attachment! through! secretion! of! extracellular! matrix! and!
expression!of!adhesion!molecules,!!promote!growth!and!survival!of!ESCs!and!
secrete! factors! that! help!maintain! the! stem! cells! in! a! pluripotent! state.
(32)!!
When!removed!from!the!feeder!cells,!ESCs!quickly!form!embryoid!bodies!and!
start!differentiating!into!cells!of!the!three!germ!layers.
(33)
!Several!feederMfree!
culture! systems!have!been!developed,! including! growing! cells! on!matrigels!
and!synthetic!polymers.
(34)
!One!approach!for!producing!insulinMproducing!cells!
from! ESCs! starts! with! the! production! of! definitive! endoderm! via! the!
introduction! of! factors! such! as! Activin! A,! WNT3A! and! bone! morphogenic!
proteins! into! hESCs.
(35)
! Subsequent! steps! involve! the! addition! of! factors! to!
mimic!the!conditions!seen!in!the!embryological!development!of!the!pancreas.!
The!differentiation!process!involves!several!stages!as!depicted!in!Figure!1.3.#
!
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#
!
Figure#1.3#:#(Top)#Depiction#of#the#embryological#stages#and#key#transcription#factors#of#pancreatic#
development#in#mice.#(Bottom)#Differentiation#scheme#for#deriving#insulinFproducing#cells#for#ESCs.#
(Image#adapted#from#Murry#et#al,#2008).(36)##
!
There!are!several!issues!surrounding!the!use!of!insulinMsecreting!cells!derived!
from!hESCs!for!therapeutic!purposes.!One!of!these!is!the!rejection!of!the!graft!
postMtransplant.! The! implanted! cells! are! susceptible! to! immuneMmediated!
apoptosis.
(37)
!Indeed,!transplant!of!beta!cells!does!not!remove!the!underlying!
cause!of!type!1!diabetes,!which!is!an!immuneMmediated!destruction!of!beta!
cells.!!One!way!to!address!this!issue!currently!being!researched!is!the!use!of!
cell!encapsulation!technologies.!This!involves!the!encapsulation!of!cells!within!
gels! which! protect! them! from! the! immune! system!while! allowing! oxygen,!
nutrients!and! insulin!to!pass! freely!across!the!barrier.!Viacyte!has!obtained!
FDA!approval!and!initiated!phase!I/II!trials!of!cell!encapsulation!of!progenitor!
!
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cells!from!the!hESC/VCM01!cell!line.
(30)
!There!are!also!ethical!issues!surrounding!
the!sourcing!of!stem!cells!from!embryos!for!use!in!medical!therapies.
(38)
!
!
1.1.3!Induced!Pluripotent!Stem!Cells! (IPSCs):!A!New!Approach!to!
Stem!Cell!Therapy!
The!use!of!induced!pluripotent!stem!cells!(IPSCs)!is!a!relatively!new!technology!
that! involves! the! reprogramming! of! mature! adult! cells! into! a! pluripotent!
state.
(39,40)
!This!is!done!by!introducing!genes!associated!with!pluripotency!to!
mature! cells! and! repressing! genes! associated! with! pluripotency.
(39,40)
! The!
IPSCs!thus!generated!can!subsequently!be!reprogrammed!to!differentiate!into!
cells!of!any!of!the!germ!layers.
(39,40)
!One!of!the!advantages!of!this!approach!is!
the! capacity! to! generate! beta! cells! from! the! patient’s! own! cells,! thus!
eliminating!the!risk!of!graft!rejection.!In!theory,!any!cell!can!be!harvested!and!
reverted! to! a! pluripotent! state.! Previous! studies! have! utilised! fibroblasts!
obtained!from!skin!biopsies!making!harvesting!cells!to!generate!iPSCs!a!simple!
and!nonMinvasive!process.
(40)
! It! is!also!not!subject!to!the!same!ethical! issues!
surrounding! the! use! of! ESCs,! making! it! an! attractive! source! of! insulinM
producing!cells.!
!
!
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The!formation!of!IPS!cells!from!differentiated!cells!was!first!demonstrated!by!
Takahashi!and!Yamanaka.
(41)!
They!found!that!by!transfecting!fibroblasts!with!
plasmids!containing!the!transcription!factors!OCT4,!SOX2,!cMMyc!and!Klf4!via!
the! use! of! retroviral! vectors,! cells! returned! to! a! pluripotent! state.
(41)
! The!
extent!to!which!IPS!cells!are!similar!to!ESCs!is!an!area!of!much!debate.!IPS!cells!
have!been!shown!to!express!many!of!the!surface!markers!associated!with!ESCs!
including!SSEAM3,!SSEAM4,!TRAM1M60!and!TRAM1M81.
(41)!
Like!ESCs!they!have!also!
been!shown!to!be!capable!of!forming!teratomas!when!introduced!to!immuneM
compromised!mice,!as!well!as! the!capacity! to!be! incorporated! into! the!cell!
mass! of! developing! embryos! to! form! viable! organisms.
(42)
! Indeed,! many!
genomic!studies!have!shown!that!IPSCs!and!ESCs!are!very!similar!in!their!gene!
expression.!Other!studies!have!shown!differences!in!gene!expression.
(39)
!
!
IPSCs!have!also!attracted!attention!as!a!potential!source!of!insulinMsecreting!
cells! for! transplantation.! Numerous! studies! have! been! published!
demonstrating! the! formation! of! insulinMsecreting! cells! from! IPSCs! involving!
stageMwise!protocols!similar!to!those!seen!in!ESCs.
(42)
!As!a!proof!of!concept!for!
the!viability!of!using!insulinMsecreting!cells!derived!from!IPSCs,!animal!models!
have!shown!that! implanted!cells! improve!the!animals’!glycaemic!control.!A!
!
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study!by!Alipo!et!al.!has!shown!that!engraftment!of!IPSMderived!insulin!cells!
into! the! liver! of! a! murine! model! of! diabetes! resulted! in! normalisation! of!
glucose! levels! for! at! least! three!months!as!well! as! improved!HbA1C! levels,!
indicating!better!glycaemic!control.
(43)
!
Despite! promising! results,! these! cells! currently! present! a! number! of!
limitations.! One! of! these! is! the! safety! of! the! cells! for! transplantation.!
Expression!of!protoMoncogenes!such!as!cMMyc!in!cells!has!been!shown!to!result!
in!tumour!formation!when!these!cells!are!transplanted!into!nude!mice.
!(44)
!The!
use!of!a!viral!vector!results!in!integration!of!the!transfected!genetic!material!
into! the! host! genome.! This! also! increases! the! risk! of! tumorgenicity.
(45)
!
Proposed!ways! around! this! include! ensuring! all! genes! introduced! are! nonM
oncogenic!in!nature.!A!study!by!Yu!et#al.!has!shown!that!the!genes!OCT4,!SOX2!
NANOG!and!LIN28!are!sufficient!to!induce!pluripotency!without!the!need!for!
protoMoncogenes!like!cMMyc.
(46)
!Another!area!being!studied!is!new!vectors!to!
transfer!desired!genes!into!the!host!cells.!Studies!by!Fusaki!et#al.!have!shown!
the! use! of! a! nonMintegrating! Sendai! viral! vector! that! avoids! integration! of!
genetic!material! into! the!host!genome,! thus! reducing! the!risk!of!cancerous!
cells!developing.
(47)
!Another!issue!that!has!been!highlighted!is!the!inefficiency!
of! programming! of! the! cells.!Quoted! figures! range! from!0.01M0.1%!of! cells!
!
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achieving!pluripotency!depending!on! the!method!of! gene! transfer! and! the!
host! cells! used.
(42)
! Engrafted! cells! are! also! still! susceptible! to! autoimmune!
destruction!by!the!body.!
!
1.1.4!Mesenchymal!Stem!Cells!for!the!Treatment!of!Diabetes!
Mesenchymal!stem!cells!(MSCs)!were!first!discovered!by!Friedenstein.
(48)!
He!
described!adherent!fibroblast!populations!isolated!from!rat!bone!marrow!that!
could!undergo!osteogenic!differentiation.
(48)
!Since!then!MSCs!have!also!been!
isolated! from! adipose! tissue,! cord! blood,! placental! tissue! and! dental! pulp,!
among!other!sources.
(49)
!
!
MSCs!are!multipotent!stem!cells!with!the!ability!to!differentiate!into!different!
mesenchymal! cell! lineages.
(50)
! They! have! the! advantage! of! being!
hypoallergenic,!as!they!express! low!levels!of!MHC!class! I!and!have!no!MHC!
class!II!receptors!and!are!devoid!of!costimulatory!receptors!such!as!B7M1!and!
B7M2.
(51)
!MHC!class!II!presents!alloantigens!of!transplanted!cells!to!the!host’s!
immune! system,! resulting! in! an! immune! response! and! graft! rejection.! The!
absence!of!MHC!class!II!expression!by!transplanted!MSCs!could!allow!them!to!
escape!recognition!by!alloreactive!CD4+!T!cells.
(51)
!Furthermore,!the!lack!of!coM
!
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stimulatory!molecules!like!B7M1!and!B7M2!which!could!render!TMcells!anergic!
when! they! interact! with! MSCs.
(51)
! Peripheral! control! of! TMcell! activation! is!
described!in!more!detail!in!Section!1.2.3.!They!can!readily!be!obtained!from!
donors,!grown,!and!expanded!in!culture.!They!can!maintain!their!pluripotency!
even! after! prolonged! periods! in! culture.
(52)!
These! factors! make! MSCs! an!
attractive! option! for! cellular! therapy.! The! International! Society! for! Cellular!
Therapy! has! offered! criteria! for! identifying!MSCs! in! culture.! These! are! (1)!
expression! of! certain! surface! markers! (CD73,! CD90,! and! CD105)! and! the!
absence!of!other!surface!markers!(CD34,!CD45,!CD14,!CD11B,!CD19!and!HLA!
markers);! (2)! the! ability! to! differentiate! into! adipogenic,! chondrogenic! and!
osteogenic!lineages;!and!(3)!plastic!adherence!seen!while!maintaining!cells!in!
standard!culture!conditions.
(53)
!
!
MSCs!have!been!shown!to!be!capable!of!differentiating!into!cells!derived!from!
all!three!germ!layers.
(50)
!Consequently,!the!value!of!these!cells!in!generating!
insulinMproducing!cells!in#vitro!has!been!explored.!Many!studies!describe!the!
differentiation!of!MSCs! in!culture! in!a! similar!manner! to! that!described! for!
ESCs!and!IPCs.!Wu!et#al.!described!the!use!of!a!high!glucose!culture!containing!
betaMmercaptoethanol!and!a!mixture!of!growth!factors!to!generate!IPCs!from!
!
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MSCs.
(54)
! IPCs! derived! using! this!method! could! normalise! blood! glucose! in!
streptozocin! (STZ)! induced!murine!models! of! diabetes! for! a! period!of! nine!
weeks.
(54)
! However,! this!method! still! has! similar! limitations! to! that! of! IPCs!
derived!from!ESCs!in!that!there!is!a!low!yield!of!IPCs!and!there!is!variability!in!
the!glucose!responsiveness!of!these!cells.!!
!
Another! avenue! being! explored! is! the! systemic! administration! of!MSCs! to!
treat! diabetes.! Intravenous! administration!of!human!bone!marrowMderived!
MSCs!has!been!shown!to!improve!hyperglycaemia!and!increase!beta!cell!mass!
in!STZMinduced!murine!models!of!diabetes.
(55)!
The!mechanisms!that!mediate!
this!seem!to!be!a!combination!of!the!immunomodulatory,!antiMapoptotic!and!
regenerative! properties! of! transplanted! MSCs.! Bone! marrowMderived!
mesenchymal!stem!cells!(BMMMSCs)!have!been!shown!to!express!chemokine!
receptors!including!CXCR4!and!CX3CR1!that!respond!to!chemokines!such!as!
CXCL23! and! CXCCL1! secreted! by! the! injured! pancreas.! This! allows!
administered!MSCs!to!migrate!to!the!injured!pancreas!where!they!exert!their!
effects!on!pancreatic!beta!cells.
(54)
!
!
!
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The! mechanisms! behind! the! regenerative! effects! demonstrated! by!
transplanted!MSCs!that!engraft!in!the!pancreas!is!an!area!of!debate.!A!study!
by!Li!et#al.! showed!that! the!microenvironment!of! the! injured!pancreas!can!
induce!the!expression!of!nestin,!NGN3!and!PDX1,!which!are!genes!specific!for!
beta! cell! development! and! insulin! production.
(56)
! This! suggests! that! MSCs!
could!transdifferentiate!into!insulinMproducing!cells!at!the!site!of!the!pancreas.!
MSCs! could! also! provide! trophic! support! to! viable! beta! cells! within! the!
pancreas.! MSCs! are! known! to! secrete! growth! factors! such! as! VEGF! that!
promote!angiogenesis!and!could!improve!transport!of!oxygen!and!nutrients!
to!beta!cells,!thus!improving!beta!cell!viability!and!supporting!growth!in!this!
manner.
(57)
!
!
One! issue!with! the! systemic!administration!of!MSCs! is! the! ‘pulmonary! first!
pass! effect’.!MSCs! tend! to! become! trapped! in! the!microvasculature! of! the!
lungs,! resulting! in! few! cells! reaching! the! target! therapeutic! site.
(58)
!Despite!
this,!many!studies!have!reported!beneficial!effects!seen!at!the!target!site.
(59,60)!
Furthermore,! studies! such! as! that! by! ! Nauta! et# al.! have! shown!
immunomodulation!exerted!by!MSCs!in!a!transwell!system!that!separates!the!
MSCs!from!immune!cells!by!a!semiMpermeable!membrane.
(50)
!This! indicates!
!
Chapter!1:!Introduction!
!
!
!
23!
!
that!soluble!factors!play!an!important!role!in!the!therapeutic!effects!exerted!
by!MSCs.!The!range!of!molecules!and!exomes!secreted!by!MSCs!have!been!
termed!the!MSC!secretome.!Identifying!the!factors!within!the!secretome!that!
confer!benefits!in!a!wide!range!of!diseases!is!an!area!of!extensive!research.!
!
1.1.5!The!Mesenchymal!Stem!Cell!Secretome!
The! MSC! secretome! encompasses! soluble! factors! as! well! as! extracellular!
vesicles!that!are!secreted!by!MSCs.
(61)
!The!study!of!this!protein!milieu!has!been!
gaining! interest! in! recent! years,! as! it! provides! several! advantages! over!
conventional! stem!cell! therapy.!The!MSC!secretome!allows!the! therapeutic!
effects!of!MSCs!to!be!utilised!without!the!need!for! transplanting!cells.!This!
eliminates! the! risks! of! the! surgery! needed! for! engraftment! and! the! risk! of!
immune! incompatibility,! and! reduces! the! risk! of! transmission! of! infections!
through! grafted! cells.! Systemic! administration! of! stem! cells! does! however!
carry! some!risks,! including! the! formation!of!pulmonary!emboli!and! risks!of!
tumorgenicity.
(62)
!These!risks!can!be!ameliorated!by!a!cellMfree!approach.!
!
Proteomic! assays! of! media! conditioned! by!MSCs! have! been! performed! to!
determine! the! contents!of! the!MSC! secretome.! Studies!have! found!a!wide!
!
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range! of! soluble! factors! that! include! angiogenic! factors! (e.g.! VEGF,!
angiogenin),!growth!and!trophic!factors!(e.g.!BDNF,!EGF,!PIGF),!chemokines!
(e.g.! CCL1,! CXCL2),! antiMinflammatory! cytokines! (e.g.! ILM10,! ILM13)! and!
haematopoietic! cytokines,! among! others.
(63)
! These! factors! provide! the!
therapeutic! properties! associated! with! the!MSC! secretome.! These! include!
promoting! angiogenesis! via! factors! such! as! VEGF! and! angiogenin,! which!
provides! an! exciting! new! therapy! for! vascular! diseases! including! coronary!
artery!disease!and!peripheral!vascular!disease.
(64)
!The!MSC!secretome!is!also!
involved! in! the!modulation!of! the! immune! system! through! factors! such! as!
PGE2,!TGF6!and!ILM10,!which!raises!the!potential!for!using!the!MSC!secretome!
in!the!treatment!of!immuneMmediated!and!autoimmune!diseases!such!as!type!
1!diabetes!and!rheumatoid!arthritis.
(65)
!Studies!have!also!shown!the!potential!
therapeutic!benefits!of!using! the! stem!cell! secretome! to! treat!neurological!
diseases!such!as!Parkinson’s!disease!and!spinal!cord!injury.!MSCs!can!secrete!
both!neurotrophic!and!neuroprotective!factors!that!can!restore!function!to!
damaged!areas!of!the!nervous!system.
(66)
!These!are!but!a!few!examples!of!the!
therapeutic!potential!of!the!MSC!secretome.!!
!
!
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Recently,! the! role! of! MSCMderived! extracellular! vesicles! (EVs)! in! the! MSC!
secretome!has!gained!much!interest.!First!described!by!Trams!et#al.!in!1981,!
EVs!were!considered!cellular!waste.
(67)
!It!has!since!been!found!that!they!play!
important! roles! in! intracellular! communication! and! regulate! a! range! of!
biological!processes.
(68)
!The!International!Society!for!Extracellular!Vesicles!has!
set!out!a!list!of!minimum!experimental!standards!for!defining!EVs!and!their!
functions.
(69)!
Based!on! their! structure! and!origin,! EVs! can! be! classified! into!
exomes! and! microvesicles.! Exomes! are! derived! from! the! endosomal!
compartment!and!microvesicles!are!produced!from!direct!budding!from!the!
plasma! membrane.! They! contain! proteins,! polysaccharides,! mRNA! and!
microRNA.
(67)
! EVs! allow! for! the! horizontal! transfer! of! mRNA! and! miRNA!
between!MSCs! and! target! cells! allowing! for! alterations! in! gene! expression!
within! these! cells.
(70)
! For! example,! MSCMderived! EVs! have! been! shown! to!
induce! proliferation! and! reduce! apoptotic! gene! expression! through! the!
transfer!of!MSCMspecific!mRNAs!in!a!murine!model!of!acute!kidney!injury.
(58)
!
They!have!also!been! shown! to! induce!genes! for! angiogenesis! in!models!of!
renal! ischaemia! as! well! as! improve! post! stroke! neuroregeneration.
(71,72)
!
Studies!also!describe!the!potential!therapeutic!value!of!MSCMderived!EVs! in!
modulating!the!immune!system!in!type!1!diabetes.
(67)
!
!
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1.1.6!Immunomodulatory! and! Anti9Apoptotic! Properties! of! the!
MSC!Secretome!
Autoimmune! diabetes! is! classically! described! as! a! TH1Mmediated! response!
against!beta!cells! in! the!pancreas! leading! to!progressive!destruction!of! the!
beta!cell!mass,!which!results! in!clinically!overt!diabetes.
(73)!
MSCs!have!been!
shown!to!exert!immunomodulatory!effects!on!a!wide!range!of!immune!cells,!
and!their!ability!to!dampen!the!immune!response!and!modulate!it!away!from!
a! TH1! phenotype! is! one! of! the!major!mechanisms! behind! the! therapeutic!
effect!of!MSCs!seen!in!murine!models!of!diabetes.!
!
MSCs!are!able! to!modulate! the!responses!of!T–cells,!a!key!mediator! in! the!
pathology! of! type! 1! diabetes.! MSCs! have! been! shown! to! inhibit! the!
proliferation!of!TMcells!and!induce!anergy.
(65,74)
!Several!mechanisms!have!been!
proposed!for!this.!MSCs!can!induce!IDO!(indolamine!2M3!dioxygenase),!which!
catalyses! the! conversion! of! tryptophan! to! kynurenine.! This! leads! to! the!
depletion! of! tryptophan! and! a! buildMup! of! its! metabolites! locally,! which!
inhibits! TMcell! proliferation.
(65,74,75)
! Direct! cellMtoMcell! contact! between!MSCs!
and!TMcells! is!another!mechanism! implicated.!Engagement!of! the! inhibitory!
PDM1!to!its!ligand!PDML1/PDML2!also!inhibits!proliferation!of!TMcells.!MSCs!could!
!
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also!induce!TMcell!anergy.
(74)
!Activation!of!naïve!TMcells!requires!the!binding!of!
MHC!II!to!TMcell!receptors!as!well!as!the!binding!of!coMstimulatory!molecules.!
MSCs!could!interact!with!TMcells!through!their!receptors,!but!they!lack!the!coM
stimulatory!molecules!B7M1/B7M2,!thus!they!could!induce!TMcell!anergy!in!this!
manner.
(50)!
MSCs! could! mediate! a! shift! from! a! TH1! to! a! TH2! response! by!
decreasing! IFNγ! production! by! differentiating! TMcells! and! increasing! ILM4!
production.
(75)
!
!
Soluble!factors!in!the!MSC!secretome!including!PGE2,!TSG6,!TGFMβ,!HGF!and!
ILM10!are!known!to!have!immunomodulatory!properties.!As!examples,!PGE2!
increases! the! expression! of! ILM10! by! macrophages! and! inhibits! the!
proliferation! of! TMcells.
(76,50)
! TSG6! can! decrease! the! production! of! proM
inflammatory! cytokines! at! the! islets! by! inhibiting! the! translocation! of! the!
transcription!factor!NFMκB!to!the!nucleus.
(76)
!ILM10!is!discussed!in!more!detail!
in!Chapter!3.!
!
Apart!from!the!effects!seen!on!TMcells,!MSCs!also!exert! immunomodulatory!
effects! on! a!wide! range! of! other! immune! cells.! They! have! been! shown! to!
modulate!dendritic! cell!maturation! and! generation,! block! natural! killer! cell!
!
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proliferation! and! cytotoxicity! as! well! as! inhibit! B! cell! proliferation! and!
maturation.
(65)
! The! stem! cell! secretome! has! also! been! shown! to! have! a!
number!of!cytoprotective!and!antiMapoptotic!effects.!Cytoprotective! factors!
known!to!be!secreted!by!MSCs!include!growth!factors!like!VEGF,!PIGF,!FGFM2!
and!HGF,!as!well!as!cytokines!such!as!ILM10!and!ILM4.
(67,!77)
!Extracellular!vesicles!
secreted!by!MSCs!have!also!been!shown!to!downregulate!the!expression!of!
proMapoptotic!genes! (i.e.!CASP1,!CASP8,!LTA)!and!upregulate!antiMapoptotic!
genes! (i.e.! BclMxL,! BclM2)! in! human! tubular! epithelial! cells! treated! with!
cisplatin.
(78)
!
! !
!
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1.2! Pathophysiology!of!Type!1!Diabetes!
1.2.1!Maintenance!of!Self9Tolerance!
Autoimmunity! can! be! viewed! as! resulting! from! a! breakdown! in! the!
mechanisms!inherently!present!in!preventing!the!expression!of!and!reaction!
to!selfMantigens!by!the!immune!system.!These!can!be!subdivided!into!central!
and!peripheral!mechanisms!of!selfMtolerance.
(79)
!Central!mechanisms!for!selfM
tolerance!include!the!education!of!naïve!lymphocytes!within!the!thymus!and!
bone!marrow,!as!well!as!generation!of!natural!T!regulatory!cells!(nTregs)! in!
the!thymus.
(79,80)!
Peripheral!mechanisms!involve!the!detection!of!selfMreactive!
cells!in!the!periphery!and!the!subsequent!induction!of!anergy!or!deletion!of!
these!selfMreactive!cells.
(79,81)
!Defects!in!central!and!peripheral!tolerance!have!
been!implicated!in!the!pathogenesis!of!autoimmune!diabetes!and!this!section!
aims!to!provide!an!overview!of!the!mechanisms!involved.!
!
!
!
!
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1.2.2!The!Thymus!
1.2.2.1!! Development!of!the!Thymus!
The!thymus!contains!two!distinct!groups!of!cells:!the!epithelial!cells!and!the!
lymphoid! thymocytes.
(82)
! The! epithelium! of! the! thymus! develops!
embryologically! from! the! third! pharyngeal! pouch! endoderm! and! the!
ectoderm!of!the!third!branchial!cleft.
(82,83)
!Mature!thymic!epithelium!contains!
cortical! thymic! epithelial! cells! (cTEC)! and! medullary! thymic! epithelial! cells!
(mTEC).
(82,83)
!The!thymus!attracts!cells!of!haematopoietic!origin!from!the!bone!
marrow! during! its! development,! including! thymocytes,! dendritic! cells! and!
macrophages.
(82,83)
! These! cells! colonise! the! thymus! at! around! 8! weeks!
gestation!in!humans.
(84)
!The!fullyMdeveloped!thymus!consists!of!many!lobules!
that!are!differentiated!into!an!outer!cortical!region!and!an!inner!medulla.!Less!
mature!thymocytes!can!be!found!in!the!cortex!and!they!progressively!become!
more!differentiated!and!mature!as!they!enter!the!medulla.
(85)
!From!foetus!up!
until! adulthood! the! thymus! is! a! major! source! of! new! lymphocytes.
(85)
!
Development!of!new!TMcells!slows!down!in!adults!and!the!thymus!involutes!
with! age.
(86)
! TMcell! numbers! in! the! adult! are! largely! maintained! through!
division!of!mature!TMcells!in!the!periphery.
(85)
!
!
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1.2.2.2! Thymic!Education!of!T9Lymphocytes!
At!roughly!8!weeks!gestation!in!the!human!and!day!11.5!of!embryogenesis!in!
mice,! the! thymus! recruits! haematopoietic! cells.
(84)
! Chemokines! including!
CCL21!and!CCL25!have!been!shown!to!play!important!roles!in!mediating!this!
process,!which!involves!attracting!TMcell!precursors!from!the!bone!marrow!to!
the!thymus.
(84)
!Initially,!the!cells!that!enter!the!thymus!lack!most!of!the!surface!
markers!that!characterise!mature!TMcells.
(84,85,87)
! Interaction!with!the!thymic!
stroma! causes! initial! differentiation! resulting! in! the! expression! of! TMcellM
specific!markers.!These!cells!lack!the!CD3/TMcell!receptor!complex!and!the!coM
receptors!CD4/CD8,!and!are!described!as!‘double!negative’!thymocytes.
(84,85,87)!
!
!
Figure# 1.4# :# TFcell# development# and# surface# marker# expression# profile# at# different# stages# of#
development#for#human#and#murine#TFcells#(Image#adapted#from#Weerkamp#et#al,#2006).(88)#
!
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The! expression! of! specific! adhesion! molecules! can! be! used! to! stage! the!
development!of!doubleMnegative!thymocytes!in!humans!and!mice!(Figure!1.4).!!
#
Using! mice! as! an! example,! the! expression! of! CD44,! CD25! and! cMkit! vary!
depending!on!the!stage!of!development!(Figure!1.4).!Initially,!doubleMnegative!
thymocytes!express!cMkit!and!CD44!but!not!CD25.!This!is!known!as!the!doubleM
negative! 1! (DN1)! stage.
(84,85,87)
! As! the! thymocytes! mature,! they! begin! to!
express!CD25!and!the!expression!of!CD44/cMkit!is!reduced.
(84,85,87)
!This!is!the!
DN2!stage.!In!cells!that!reach!the!DN3!stage!(CD4M!CD8M!CD25+!CD44M)!beta!
selection!occurs.!Only!cells!that!succeed!in!an!inMframe!rearrangement!of!the!
gene! encoding! the! TCRMbeta! chain! survive.
(84,85,87)
! Eventually! the! cells! lose!
CD25!expression!again!at! the!DN4!stage.!During! the!maturation!of!doubleM
negative!thymocytes,!they!migrate!from!the!corticomedullary!junction!to!the!
subcapsular!region!of!the!thymic!cortex.
(89)
!This!is!mediated!by!CXCR4,!CCR7!
and! CCR9.
(84)
! The! beta! chains! pair! with! surrogate! preMTCR! alpha! chains!
resulting! in! the! formation! of! a! preMTMcell! receptor.! The! assembly! of! the!
CD3/preMTMcell!receptor!complex!leads!to!arrest!in!beta!chain!rearrangement,!
replacement!of!the!preMTCR!alpha!chain!with!a!rearranged!TCR!alpha!chain,!
and!allows!further!development!into!doubleMpositive!thymocytes.
(84,85,87)!
!
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The!doubleMpositive!(DP)!thymocytes!express!both!CD8!and!CD4!on!their!cell!
surface.!These!cells!undergo!selection!to!ensure!that! functional!TMcells! that!
are!not! autoMreactive! enter! the!periphery.! The! ‘affinity!model! of! selection’!
describes!this!process.
(89,90)
!DoubleMpositive!thymocytes!interact!with!peptideM
MHC!complexes!that!are!expressed!by!stromal!cells!in!the!cortex!such!as!cTECs!
and!dendritic!cells!via!their!TMcell! receptors.! In!a!process!known!as!positive!
selection,!doubleMpositive!thymocytes!with!TMcell!receptors!capable!of!binding!
to! MHC/peptide! complexes! are! selected! to! receive! “survival! signals”! that!
allow! them! to!develop! further! into! single!positive! thymocytes.!
(89,90)
! In! this!
process,! very! low! affinity! interactions! between! the! TMcell! receptor! and!
MHC/peptide!complex!leads!to!death!by!neglect.!
(89,90)
!!
!
Positively!selected!thymocytes!relocate!from!the!cortex!to!the!medulla!via!the!
chemokine! CCR7! to! undergo! negative! selection.
(89)!
in! this! process,! autoM
reactive!thymocytes!undergo!further!deletion!via!interactions!with!mTECs.
(89)
!
mTECs! ! express! a! wide! range! of! self! antigens! including! ! Tissue! Restricted!
antigens! (TRAs)!whose!expression! is!not!normally! found!outside!of! specific!
tissues.
(89)
This!is!controlled!in!part!by!the!autoimmune!regular!(AIRE)!gene.
(89)
!
AutoMreactive! TMcells! that! interact! strongly! with! selfMpeptides! undergo!
!
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deletion.
(89)!
T!regulatory!cells! (TMregs)!only!undergo!positive!selection! in!the!
cortex! and! do! not! progress! to! negative! selection! in! the! medulla! as! TMreg!
development!is!driven!by!a!TCR!avidity!that!is!above!that!required!for!positive!
selction!but!below!that!required!for!negative!selection.
(91)
!TMregs!are!discussed!
in!more!detail!in!Section!1.2.2.4.Development!is!summarised!in!Figure!1.5.#
#
#
!
Figure#1.5#:#Development#of#the#thymocyte#within#the#thymus.#DN1#cells#migrate#to#the#subcapsular#
region#as#they#mature.#Double#positive#cells#undergo#negative#and#positive#selection#in#the#cortex#
where#affinity#to#MHC#class#I#or#MHC#class#II#determines#development#into#single#positive#CD4+#or#
CD8+#cells#respectively.#Further#maturation#occurs#in#the#medulla#(Image#adapted#from#Blackburn#
et#al,#2004).(92)#
!
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1.2.2.3! Breakdown!of!Central!Tolerance!in!Autoimmune!Diabetes!
As!alluded!to!earlier,!defects!in!the!central!tolerance!mechanisms!described!
above! can! lead! to! autoimmunity.! The! susceptibility! loci! are! gene! regions!
associated!with!a!specific!disease.!In!type!1!diabetes,!association!studies!and!
linkage! analysis! have! uncovered! a! number! of! susceptibility! loci! containing!
candidate!genes!implicated!in!the!pathogenesis!of!type!1!diabetes.
(93)
!These!
regions! are! noted!using! the! abbreviation! IDDM! followed!by! a! number! (eg.!
IDDM1).
(93)!
Variations!of!genes!associated!with!the!susceptibility!loci!can!result!
in! defects! in! peptide! presentation! and! subsequent! failure! of! negative!
selection! in! the! thymus.
(94M100)
! An! example! of! gene! variations! affecting! the!
expression! of! peptides! is! variations! in! the! AIRE! gene.! ! The! AIRE! gene!
contributes! to! the! expression! of! tissueMspecific! antigens! by! mTECs! in! the!
medulla.
(94)
! Defects! in! the! gene! lead! to! autoimmune! polyendocrinopathyM
candidiasisMectodermal!dystrophy!(APECED),!which!results!in!the!dysfunction!
of!multiple!endocrine!glands!due!to!autoimmunity.
(94)
!It!has!been!shown!that!
disruption! of! a! single! tissueMspecific! gene! molecule! is! sufficient! to! trigger!
autoimmunity!against!that!tissue,!albeit!rarely.
(95)!
!
!
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The!HLA!DR3/DR4!haplotypes!confer!susceptibility!to!developing!autoimmune!
diabetes.
(96)
!A!number!of!mechanisms!have!been!proposed!to!explain!the!link!
between!HLA!DR3/DR4!and!autoimmune!diseases.!One!theory!suggests!these!
alleles!could!result!in!MHC!II!complexes!that!are!defective!in!their!binding!and!
presentation!of!selfMpeptides!in!the!thymus!and!the!periphery.
(97)
!It!is!believed!
that!this!could!lead!to!failure!of!negative!selection!and!the!subsequent!survival!
of!autoMreactive!TMcells.!Polymorphisms!in!the!PTPN22!gene,!which!is!located!
on!region!1p13,!is!another!susceptibility!locus!for!autoimmune!diabetes.!It!is!
implicated! in! defective! thymic! education! of! TMcells.
(98)
! PTPN22! encodes! a!
lymphoidMspecific!phosphatase,!LYP,!that!negatively!regulates!TCR!signalling.!
Mutations!in!PTPN22!lead!to!lower!TMcell!activation!and!ILM2!production.
(98,82,99)
!
This! could! potentially! result! in! defects! in! the! signal! strength! required! for!
negative!selection.!
!
The!insulin!gene!which!is!located!on!region!11p15.5!is!another!susceptibility!
locus!implicated!in!thymic!education.
(99,100)
!Alleles!for!the!gene!are!classified!
into! three! classes! (classes! IMIII)! which! depend! on! the! number! of! tandem!
repeats!located!586!base!pairs!upstream!of!the!INS!locus.!Class!I!alleles!(26!to!
63!repetitions)!lower!the!expression!of!insulin!in!the!thymus,!thus!increasing!
!
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the! risk! of! TMcells! autoMreactive! against! insulin! evading! negative!
selection.
(99,100)
! Class! III! alleles! (140M210! repetitions)! conversely! increase!
insulin! expression! and! may! offer! protection! against! the! development! of!
diabetes.
(99,100)
!A!study!by!!Cai!et#al.!showed!that!the!Class!III!VNTR!haplotype!
is! associated! with! an! average! threefold! increase! of! insulin! in! the! thymus!
compared! to! the! Class! I! VNTR! allele,! thus! increasing! the! effectiveness! of!
central!tolerance!mechanisms.
(101)
!Similar!mechanisms!of!susceptibility!have!
been!reported!for!other!immune!diseases!such!as!myasthenia!gravis.!
(101)!
!
1.2.2.4! Regulatory!T9Cells!
Regulatory!TMcells!play!an!important!role!in!modulating!the!immune!response.!
They!can!largely!be!subdivided!into!natural!TMregs!(nTregs)!generated!in!the!
thymus! and! induced! TMregs! (iTregs)! that! form! in! the! periphery.
(102)
! FOXP3!
expressing! CD4+! TMcells! generated! in! the! thymus! (nTregs)! are! well!
characterised! as! regulatory! TMcells.! Mutations! in! FOXP3! result! in!
immunodysregulation! polyendocrinopathy! enteropathy! XMlinked! syndrome!
(IPEX)! that! leads! to!dysfunction!of! regulatory!TMcells!and!autoimmunity.
(103)
!
This! highlights! the! importance! of! these! cells! in! regulating! the! immune!
response.!
!
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!
The!production!of!nTregs!that!express!FOXP3!appears!to!occur!in!the!medulla!
of!the!thymus!in!a!process!known!as!clonal!diversion.
(79,104)
!The!process!that!
leads! to! the! production! of! nTregs! is! largely! unknown,! although! Hassall’s!
corpustules!appear!to!play!a!role!through!the!production!of!thymic!stromal!
lymphopoietin! (TSLP).
(105)
!Within! the! thymus,! the!mechanisms! that! control!
whether! a! thymocyte!undergoes! clonal! deletion! to! form!effector! TMcells! or!
clonal! diversion! to! form! nTregs! is! very! much! debated.! TCR! avidity! or! the!
‘Goldilocks! theory’! suggests! that! cells!which! bind! strongly!with! the!MHC! II!
complex!undergo!clonal!deletion,!but!a!moderate!strength!of!the!signal!might!
trigger!clonal!diversion.!Differences!in!TCR/ligand!properties!may!also!play!a!
role!in!this!process!(Figure!1.6).
(106)!
!
!
!
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!
Figure#1.6#:#TFreg#development#in#the#thymus#and#periphery.#An#intermediate#level#of#reactivity#to#
selfFpeptides#is#believed#to#result#in#the#development#of#TFregs#via#clonal#diversion##(Image#adapted#
from#Nie#et#al,#2015).#(#104)#
##
!
TMregs!have!been!shown!to!exert!their!immunomodulatory!effect!through!the!
production!of!antiMinflammatory!cytokines!like!ILM10!and!TGFMβ,!direct!cell!to!
cell! contact,! as! well! as! modulating! the! activation! state! and! functions! of!
antigenMpresenting!cells.
(107)
!In!the!context!of!autoimmune!diabetes,!studies!
have!shown!nTregs!play!an!important!role!in!the!pathogenesis!of!the!disease.!
FOXP3! TMcells! are! important! in! the! pathogenesis! of! type! 1! diabetes.
(81,108)
!
Indeed! depletion! of! FOXP3Mexpressing! TMcells! in! BD25TCR! transgenic! mice!
resulted!in!fulminant!diabetes!within!3!days.
(81,108)!
!
!
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1.2.3!Mechanisms!of!Peripheral!Tolerance!!
Clonal!deletion!within! the! thymus! is!not!a!perfect!process!and! some!autoM
reactive!cells!survive!the!process!and!enter!the!periphery.!Mechanisms!exist!
in!the!periphery!to!prevent!the!activation!and!clonal!expansion!of!these!selfM
reactive! TMcells.! The! activation! of! TMcells! requires! the! TCR! signal,! which!
involves!the!binding!of!the!TCR!receptor!to!MHC!class!II/peptide!complexes!
on! antigenMpresenting! cells.! A! second! signal! involving! coMstimulatory!
molecules! is! required!to! fully!activate! the!cell.!Cells! that! fail! to! receive! this!
signal!become!anergic!and!are!unable!to!elicit!an!immune!response.
(109)
!This!
positive!coMstimulatory!signal!is!mediated!by!the!interaction!of!CD28!on!TMcells!
with!B7!molecules!(CD80/CD86)!on!antigenMpresenting!immune!cells!(e.g.!BM
cells,!macrophages,!dendritic!cells).
(109)
!CTLAM4!is!a!homolog!of!CD28!and!its!
upregulation! controls! TMcell! activation! by! binding! the! B7! family! of! coM
stimulatory!molecules!which!conversely!inhibits!the!activation!initiated!when!
the!CD3!complex!binds!to!the!MHC!II!complex!on!antigenMpresenting!cells.!
(110)!
This!transduces!an!inhibitory!signal!that!prevents!cell!cycle!progression!and!
induces! TMcell! apoptosis.
(110)
! Thus! the! balance! between! the! positive! signal!
from!CD28!and!the! inhibitory!signal! form!CTLAM4! !controls!TMcell!activation.!
!
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Polymorphisms! in! the! CTLAM4! gene! have! been! shown! to! be! linked! with!
susceptibility!to!type!1!diabetes.
(111)
!
!
Another!negative!regulator!of!TMcells!is!Programmed!Death!1!(PDM1).!PDM1!is!a!
member!of!the!CD28!superfamily!of!receptors!and!binds!to!ligands!PDML1!and!
PDML2.! PDM1/PDML1! plays! a! crucial! role! in! inhibiting! TMcell! activation! during!
persistent! antigen! expression.
(112)
! Blockage!of! the!PDM1/PDML1!pathway!has!
been!shown!to!result!in!diabetes!in!NOD!Mice.!
(112)
!
!
1.2.4!Pro9Inflammatory! Cytokines! and! their! Role! in! Beta! Cell!
Dysfunction!
Autoimmune!diabetes! is! characterised!by!an! infiltration!of! the! islets! in! the!
pancreas! by! immune! cells! leading! to! inflammation! in! a! process! termed!
insulitis.
(113)
! Infiltrating! cells! secrete! a! range! of! proMinflammatory! cytokines!
into! the!microenvironment! of! the! islets.! These! cytokines,! ILM1β! and! TNFα,!
perpetuate! this! inflammatory! response! by! activating! immune! cells,!
upregulating! ICAMM1! on! the! vascular! endothelium! and! stimulating! the!
secretion! of! chemokines! that! attract! autoreactive! TMlymphocytes,!
!
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macrophages! and! antigenMpresenting! cells! to! the! inflamed! islets.
(114,115)
!
Pancreatic! beta! cells! have! also! been! shown! to! secrete! proMinflammatory!
cytokines! in! response! to! a! proMinflammatory! environment.
(116)
! This! positive!
feedback! mechanism! leads! to! progressive! destruction! of! beta! cells! and!
depletion! of! the! beta! cell!mass,! eventually! resulting! in! clinical! diabetes.! A!
number! of! these! cytokines! have! been! implicated! in! the! pathogenesis! of!
autoimmune!diabetes.!These! include! IFNγ,!TNFα,!and! ILM1β.
(117)
!This!section!
aims!to!explore!the!mechanisms!whereby!proMinflammatory!cytokines!prime!
and!induce!beta!cell!apoptosis!and!the!role!they!play!in!inducing!diabetes.!
!
1.2.4.1! The!NF9κB!Pathway!
NFMκB!is!a!nuclear!transcription!factor!found!in!all!cells.!It!has!been!shown!to!
be! activated! in! response! to! stress,! free! radicals! and! bacterial/viral!
antigens.
(118)
!Exposure!of!pancreatic!beta!cells!to!the!proMinflammatory!ILM1β!
and! TNFα! has! been! shown! to! result! in! the! activation! of! NFMκB! and! the!
expression!of!associated!proMapoptotic!genes.
(119)
!NFMκB!is!known!to!have!both!
proM!and!antiMapoptotic!roles.!However,!the!predominantly!proMapoptotic!role!
of!NFMκB!on!pancreatic!beta!cells!is!well!established.
(118M121)
!Indeed,!blockage!
of! the!NFMκB!pathway! in! experimental!models! has! been! shown! to!halt! the!
!
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development!of!autoimmune!diabetes.
(122)
!NFMκB!has!been!shown!to!regulate!
a!diverse!gene!network!in!pancreatic!beta!cells.!These!include!genes!involved!
in!beta!cell!function,!defence!and!repair,!as!well!as!proMapoptotic!genes.
(123)
!
!
1.2.4.2! Signal!Transduction!in!the!NF9κB!Pathway!
The!NFMκB!transcription!factor!is!a!complex!of!related!gene!products!from!a!
family! of! five! proteins:! RelA/p65,! cMRel,! RelB,! p50! and! p52.
(124)
! These! form!
homoM!or!heterodimers!that!vary!depending!on!the!stimulus!and!species.
(120)
!
These! proteins! have! a! Rel! homology! domain! (RHD)! that! functions! in! DNA!
binding,!dimerization!and! interaction!with! IκB!forms.
(124)
!NFMκB1!(p105)!and!
NFMκB2!(p100)!have!ankyrin!repeats!on!their!CMtermini!(Figure!1.7).#Processing!
of!p105!and!p100!leads!to!the!production!of!p52!and!p50!proteins.
(120,124)
!P50!
and!p52!monomers!on!their!own!are!repressors!of!NFMκB!function,!but!can!
play!a!transactivation!role!through!their! interactions!with!RelA,!RelB!and!cM
Rel.
(120)!
!
The!activity!of!NFMκB!is!controlled!by!proteins!known!as!inhibitors!of!NFMκB.!
The!IκB!family!of!proteins!consists!of!IκBMα,!IκBMβ,!IκBMγ!and!BCL3.
(124,125)
!These!
inhibitors!contain!ankyrin!repeats!that!interact!with!the!Rel!homology!domain!
!
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of! the! NFMκB! family! of! proteins! (Figure! 1.7).! This! interaction! results! in! the!
retention! of! NFMκB! in! the! cytoplasm! by! masking! its! nuclear! localisation!
sequence!(NLS).
(118,121,124)
!
!
!
Figure#1.7#:#The#NFFκB#family#of#transcription#factors.#All#members#express#the#Rel#homology#domain#
(RHD).#P52#and#p53#have#ankyrin#repeats#on#their#cFtermini#and#as#monomers#they#act#as#repressors#
of#NFFκB#function.#(Image#adapted#from#Oh#et#al,#2013).##(126)#
!
Binding!of!ILM1β!or!TNFα!to!their!respective!receptors!leads!to!the!signal!being!
transduced!to!an!IκB!kinase!(IKK)!complex!consisting!of!IKKα!and!IKKβ!as!well!
as!the!regulatory!IKKγ/NEMO.
(118,121,124)
!This!results!in!the!phosphorylation!of!
the!IκB!protein!that!targets!the!protein!for!ubiquitination!and!degradation!via!
!
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the!proteasome.!NFMκB!that!has!been!liberated!can!translocate!to!the!nucleus.!
RelA,! RelB! and! cMRel! contain! transcriptional! activation! domains! and! act! as!
transcriptional!factors!for!a!wide!network!of!genes.
(118,121,124)
!This!process! is!
summarised!in!Figure!1.8.!
!
!
Figure#1.8#:#Depiction#of#the#NFFκB#pathway.#Binding#of#proFinflammatory#cytokines#(e.g.#TNFα)#to#
their#receptors#results#in#the#activation#of#the#IKK/NEMO#complex#and#subsequent#ubiquitination#of#
IκB# via# the# proteasome.# NFFκB# translocates# to# the# nucleus# to# transcribe# target# genes# (Image#
adapted#from#Gerondakis#et#al,#2014)#.(127)#
!
!
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1.2.4.3! Mechanisms!of!NF9κB9Induced!Beta!Cell!Death!
1.2.4.3.1! Activation!of!Inducible!Nitric!Oxide!Synthase!(iNOS)!
Nitric!oxide!(NO)! is!a!compound!involved! in!many!biological!processes.! It! is!
produced! by! macrophages! in! response! to! pathogens,! where! NO! plays! an!
important!role!in!the!destruction!of!pathogens.
(128)
! It!regulates!blood!vessel!
diameter,
(129)
! as!well! as!many! cellular! functions,! including! cell! division! and!
proliferation.
(130)
! Production! is! controlled! by! the! regulation! of! nitric! oxide!
synthase!(NOS).
(131)
! Its!role! in!cell!survival! is!complex.! It!has!been!shown!to!
have!an!antiM!or!proMapoptotic!signal!depending!on!the!concentration!of!NO!
and!the!cell!type!in!question.!NO!can!prevent!apoptosis!at!many!points!in!the!
apoptotic!pathway.!These! include!nitrosylation!of! caspases! leading! to! their!
inactivation,!activation!of!bclM2!and!bclMxL!and!regulation!of!the!expression!of!
death! receptors.
(132,133,134)
! However! in! beta! cells! production! of! NO! after!
exposure! to! proMinflammatory! cytokines! appears! primarily! to! induce!
apoptosis.
(118,119,120,121,123)
!Activation!of!NFMκB!by!proMinflammatory!cytokines!
has!been!shown!to!increase!the!expression!of!inducible!nitric!oxide!synthase!
(iNOS)!and!subsequent!formation!of!NO.
(135)
!The!iNOS!promoter!contains!two!
binding! sites! for!NFMκB!which!are!activated!by! ILM1β!and!TNFα!as!well! as! a!
!
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binding!site!for!STAT1.
(136)
!Activation!of!the!pathway!results!in!the!liberation!
of! reactive! oxygen! species! (ROS)! and! oxidative! stress.! ROS! damage! critical!
cellular! components.
(137)
! High! concentrations! can! damage! DNA! leading! to!
activation!of!p53!at!checkpoints!in!the!cell!cycle!and!subsequent!apoptosis!via!
the!intrinsic!mechanism!(Figure!1.9).
(137)
!
!
!
Figure#1.9#:#Simplified#diagram#of#the#pathways#of#apoptosis.#In#the#intrinsic#mechanism,#stresses#
(e.g.#DNA#damage)#lead#to#activators#such#as#P53.#BAX#is#phosphorylated#and#forms#pores#in#the#
mitochondria#releasing#cytochrome#c#in#to#the#cytosol.#Cytochrome#c#binds#to#APAFF1#and#caspaseF
9#forming#the#apoptosome#which#subsequently#leads#to#apoptosis#(Image#adapted#from#Ramaldo#et#
al,#2008).(138)#
#
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NO!has!also!been!shown! to! inactivate! the!mitochondrial!enzyme!aconitase!
required! for! the! generation! of! ATP! via! the! Krebs! cycle! in! aerobic!
respiration.
(139)
!Increased!DNA!damage!can!lead!to!overactivation!of!poly!ADP!
ribose!polymerase!(PARP),!an!enzyme!that!detects!single!strand!DNA!breaks.!
This! results! in! the! depletion! of! NAD
+
! and! subsequent! depletion! of! ATP.!
Progressive! ATP! depletion! via! these! mechanisms! can! induce! necrotic! cell!
death.
(140)!
PARP!can!also!independently!trigger!apoptosis!via!the!production!of!
PAR! which! stimulates! mitochondrial! release! of! AIF.
(141)
! NO! can! nitrosylate!
specific! cysteine! residues! of! proteins! resulting! in! the! formation! of!
nitrosothiols.!This!process!affects!the!proteins’!stability!and!activity!within!the!
cell.
(134)
!Production!of!NO!has!also!been!shown!to!be!a!cause!of!ER!stress!and!
subsequent!apoptosis!in!beta!cells.!!
!
1.2.4.3.2! Disruption!of!Endoplasmic!Reticulum!(ER)!Homeostasis!
The!endoplasmic!reticulum!(ER)!is!an!organelle!that!functions!in!the!synthesis!
of!new!proteins!in!the!cell.!Pancreatic!beta!cells!have!the!specialised!function!
of!rapidly!producing!insulin!in!response!to!fluctuations!in!blood!sugar!levels.!
This! rapid! and! constantly! changing! protein! synthesis! leaves! beta! cells!
susceptible! to! dysregulation! of! ER! homeostasis.
(123)
! Accumulation! of!
!
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misfolded! proteins! in! the! ER! triggers! a! regulatory! response! known! as! the!
unfolded!protein!response.!This!response!is!protective!and!it!prevents!further!
accumulation!of!misfolded!proteins!within!the!ER.
(142)
!It!is!mediated!by!three!
ER! transmembrane! receptors:! protein! kinase! RNAMlike! ER! kinase! (PERK),!
activating! transcriptional! factor! 6! (ATP6)! and! inositolMrequiring! enzyme! 1!
(IRE1).
(142)
!When!misfolded!proteins!accumulate! the!protein!BiP!dissociates!
from! these! receptors! leading! to! the! activation! of! the! UPR.
(142)!
The! UPR!
protects!the!cell!via!translational!attenuation,!upregulation!of!ER!chaperones!
and!increased!degradation!of!misfolded!proteins.
(140)
!Prolonged!ER!stress!will!
however! trigger! apoptosis! in! spite! of! the! protective! mechanisms! in!
place.
(123,140)!
!
Overexpression!of!NFMκB!and!subsequent!generation!of!NO!has!been!shown!
to!inhibit!SERCA2b,!a!calcium!pump!found!on!the!endoplasmic!reticulum!that!
actively!pumps!calcium!from!the!cytoplasm!into!the!ER.
(123)!
SERCA2b!contains!
conserved! binding! sites! for! the! zinc! finger! transcription! factor! Sp1.!
Downregulation! of! Sp1! via! NO! leads! to! downregulation! of! SERCA2b!
expression.
(136)!
Inactivation! and! downregulation! of! the! pump! leads! to!
subsequent! depletion! of! ER! calcium! stores,! eventually! resulting! in! ER!
!
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stress.
(123,140)
!ER!stress!leads!to!the!expression!of!CHOP!via!the!transmembrane!
proteins!IRE1α,!PERK!and!ATF6.!The!mechanisms!through!which!CHOP!induces!
apoptosis!remain!controversial.
(140)
!Whether!cytokineMinduced!ER!stress! is!a!
direct!cause!of!beta!cell!apoptosis!or!a!parallel!event!is!a!question!currently!
under!debate.!!
!
1.2.4.3.3! Disruption!of!Beta!Cell9Specific!Functions!
Exposure!to!proMinflammatory!cytokines!has!been!shown!to!negatively!affect!
beta! cellMspecialised! functions.! A! number! of! genes! that! regulate! beta! cell!
functionality! have! been! shown! to! be! downregulated!on! exposure! to! these!
cytokines.! PDX1! is! a! gene! that! governs! the!embryonic! development!of! the!
pancreas! and! is! also! involved! in! the! differentiation! of! beta! cells! in! later!
development.
(143)
!Deficiencies!in!the!gene!have!been!shown!to!result!in!severe!
beta! cell! dysfunction! with! homozygous! mutations! resulting! in! pancreatic!
agenesis.
(144)
! PDX1!downregulation!occurs!with!NFMκB!activation!potentially!
indirectly!via!upregulation!of!NO!via!iNOS!induction.!Studies!have!implicated!
a! potential! therapeutic! benefit! of! PDX1! gene! therapy! in! the! treatment! of!
autoimmune! diabetes.
(145)
! The! ISL1! gene! is! another! important! gene! in! the!
!
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embryogenesis!of!the!pancreas!that!is!downregulated!by!NFMκB!induction!in!
beta!cells.
(123)!
!
Several! genes! involved! in! secretion! and! production! of! insulin! are! also!
implicated,!including!GLUT2,!glucokinase!and!insulin.!GLUT2!is!a!membraneM
bound!protein!channel!that!facilitates!the!transport!of!glucose!across!the!cell!
membrane.
(146)!
As! previously! discussed! the! channel! is! important! in! the!
mechanisms! regulating! insulin! release! from! the!beta! cells.!NFMkB!has! been!
shown!to!be!important!in!the!expression!of!GLUT2,!potentially!inhibiting!its!
expression!and!affecting!glucose!homeostasis.
(118,123)
!!
!
1.2.4.3.4! Protective!Role!of!NF9κB!on!Beta!Cells!
Activation!of!NFMκB!by!cytokines!such!as!TNFα!is!known!to!have!a!protective!
role! on! many! cell! types.
(121)
! The! proM! or! antiMapoptotic! nature! of! NFMκB!
depends!on!the!cell!type!and!inciting!stimulus.
(121)
!Potential!mechanisms!for!
NFMκB!anti–apoptotic!effects!include!inhibition!of!caspase!activation!as!well!as!
the!ability!of!NFMκB!to!negatively!regulate!JNKMmediated!apoptosis.
(132,147)!
!
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Cytokines!in!the!inflammatory!response!induce!the!production!of!free!radicals!
such!as! superoxides! (O2M)!and!NO.
(118,119,120,121,123)!
NFMκB!has!been!shown! to!
induce!the!expression!of!a!wide!array!of!‘defence!genes’!that!protect!the!cell!
against! free! radicalMinduced! cytotoxicity! and! apoptosis.! Some!of! the! genes!
implicated! include! manganese! superoxide! dismutase! (MnSOD).! This! is! an!
essential! scavenger! enzyme! that! detoxifies! the! free! radical! superoxide,!
preventing! ROSMmediated! cellular! damage.
(148)
! Expression! of! this! protein! in!
insulinoma! cells! has!been! shown! to!prevent! ILM1βMinduced! cytotoxicity! and!
reduce!NO!production! in!the!cells.
(148)
!Heat!shock!proteins!(HSPs)!have!also!
been! shown! to! be! upregulated! in! response! to! NFMκB! activation.
(120)
! These!
proteins!are!expressed!by!cells!in!response!to!stressful!conditions.!They!are!
evolutionarily!conserved!proteins!that!act!as!chaperones!as!well!as!stabilising!
biomolecules!such!an!mRNA.
(149)
!Studies!have!shown!that!HSPs!protect!beta!
cells!from!apoptosis!on!exposure!to!proMapoptotic!cytokines!like!LPS.!Selective!
overexpression!of!a!specific!HSP70!has!been!shown!to!improve!resistance!of!
beta! cells! to!NOMinduced! apoptosis! in! rat! experimental!models.
(150)
! Human!
beta!cells!are!known!to!naturally!express!higher!levels!of!HSP70!compared!to!
murine!cells,!which!could!account!for!the!greater!resistance!of!human!beta!
cells!to!NOMinduced!apoptosis.!
(151)
!!
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In!the!case!of!beta!cells,!studies!have!shown!that!exposure!to!ILM1β!initially!
causes!an! increase! in! the!expression!of!MnSOD!and!other! ‘defence!genes’.!
Prolonged! exposure! to! the! cytokine! however! resulted! in! the! increased!
expression!of!iNOS!and!other!mediators!of!beta!cell!apoptosis,!leading!to!cell!
death.
(152)
!Beta!cells!are!known!to!be!more!susceptible!to!proMinflammatory!
cytokineMmediated! apoptosis! compared! to! other! cell! types.! A! greater!
expression!of!proMapoptotic!genes!on!prolonged!exposure! to!proMapoptotic!
cytokines!could!overwhelm!the!protective!mechanisms! in!beta!cells!and!tip!
the!balance!in!favour!of!apoptosis.!
!
1.2.4.4!! The!Mitogen9activated!protein!kinase!Pathway!(MAPK)!!
The!mitogenMactivated!protein!kinase!signalling!pathway!(MAPK)!is! involved!
in!cellular!responses!to!a!wide!range!of!stimuli,! including!stress!and!growth!
stimuli.
!(153,154)
!The!pathways!classically!consist!of!three!family!members,!the!
cMJun!NH2Mterminal! kinase! (JNK),! extracellular! signalMregulated! kinase! (ERK)!
and! the! p38MMAPKs.
(153,154)
! MAPKKK! (MAP! kinase! kinase! kinase)! activate!
MAPKK! (MAP! kinase! kinase)! which! in! turn! activate!MAPK! that! goes! on! to!
regulate! gene! expression! by! activating! transcription! factors.
(153,154)
! These!
!
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factors!are!kinases!that!activate!their!targets!via!phosphorylation!of!tyrosine!
and!serine!residues.!The!pathways!are!illustrated!in!Figure!1.10.!
!
Figure#1.10#:#Simplified#overview#of#the#MAPK#pathways.#P38/JNK#are#known#as#the#stress#pathways#
and#are#activated#in#response#to#a#wide#range#of#stressors#and#are#implicated#in#cellular#apoptosis.#
In#contrast,#the#ERK#pathways#are#well#characterised#as#proFsurvival/growth.#(Image#adapted#from#
Wikipedia,#2017).#(155)#
#
The!JNK!and!p38!pathways!are!known!as!the!stress!pathways!and!are!activated!
by! a! wide! range! of! stress! stimuli! including! heat! shock,! DNA! damage,! proM
inflammatory!cytokines!and!UV!radiation.
(153,156,157)
!ERK!is!wellMcharacterised!
as!having!a!proMsurvival!and!proliferative!role!in!cells.!!The!JNK!family!of!MAPKs!
!
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consist! of! three! isotypes! (JNK1,! JNK2,! JNK3).! JNK1! and! JNK2! are! widely!
expressed!in!all!cell!types,!but!JNK3!is!mainly!expressed!in!neuronal!and!heart!
tissue.
(157)
!Upstream!activators!of!this!pathway!include!ASK1,!HPK1,!MLK3!and!
TAK1.! These! factors! activate! MKK4/7! that! in! turn! activate! JNK! via!
phosphorylation!at!TYR183/TYR185.
(157)
!The!p38!family!of!MAPK!consists!of!
four! isoforms! (p38α,!p38β,!p38γ!and!p38δ).
(154)!
Upstream!activators!of! this!
pathway!largely!overlap!with!those!of!the!JNK!pathway,!and!include!factors!
such!as!ASK1,!MEKK!and!TAK1.!These!activate!MKK3/6!which!in!turn!activate!
p38.
(153)
! The! ERK! family! of! factors! are! involved! in! cell! proliferation,!
differentiation!and!cell!migration.
(154)
!They!classically!consist!of!isotypes!ERK1!
and!ERK2!although!other!isotypes!have!been!described,!the!functions!of!which!
are!largely!unexplored.
(154)
!The!upstream!activators!RAS/RAF!activate!MEK1/2!
that!in!turn!activate!ERK1/2.
(154)
!
!
!
!
!
!
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1.2.4.4.1! The!Mechanisms!of!MAPK9Induced!Beta!Cell!Death!
Binding!of!TNFα!and!ILM1β!leads!to!the!activation!of!the!map!kinase!pathways!
in!beta!cells!(Figure!1.11).!
#
The! importance!of! the!MAPK!pathway! in! the!pathogenesis!of! autoimmune!
diabetes! has! been! evaluated! via! the! use! of! inhibitors! of! p38! and!MEK1/2!
signalling!in!several!studies.!These!studies!have!shown!that!blocking!p38!and!
ERK! provided! protection! against! beta! cell! apoptosis.
(158,159,160,161)!
The!
mechanisms! whereby! p38! and! ERK! mediate! an! apoptotic! response! are!
however!not!well!characterised.!P38! is!known!to!potentially! inhibit!BclM2,!a!
protein!that!controls!the!release!of!cytochrome!c!by!the!mitochondria!into!the!
cytosol!and!initiation!of!the!intrinsic!pathway!of!apoptosis.
(162)
!ERK!is!known!
as!a!proMsurvival!transcription!factor.!However,!the!pathway!could!play!a!role!
in! beta! cell! apoptosis.! ERK! has! been! shown! potentially! to! augment! NFMκB!
activity! downstream! of! nuclear! translocation! and! DNA! binding! leading! to!
mechanisms!of!beta!cell!apoptosis!discussed!previously.
(161)!
It!also!promotes!
caspase! 8! signalling,! controls! cytochrome! c! release! by! the! BclM2! family! of!
proteins!and!promotes!p53!activity.
(163)
!
!
!
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Figure#1.11#:#Signal#transduction#pathways#of#TNFα.#Binding#of#TNFα#is#known#to#induce#apoptosis#
via#activating#the#JNK#stress#pathway#and#expression#of#APF1#associated#genes#(Image#adapted#from#
Wikipedia,#2017).#(164)#
!
JNK!is!another!factor!implicated!in!the!pathogenesis!of!autoimmune!diabetes.!
Multiple! gene!knockout!models!have! shown! that! JNK!exerts!proM! and!antiM
apoptotic!effects!depending!on!the!cell!type!and!inciting!stimuli.
(165)
!JNK!was!
initially! identified! as! a! UVMresponse! protein! kinase! involved! in! the!
phosphorylation! of! cMJun! on! its! NMterminal! transactivation! domain!
ser60/ser73.! Evidence! of! its! proMapoptotic! role! came! from! studies! on!
embryonic! fibroblasts! from! transgenic! mice.! These! JNK1M/M,! JNK2M/M! mice!
showed!resistance!to!apoptosis!in!response!to!UV!radiation.
(166)
!
!
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Activation! of! JNK! by! exposure! to! proMinflammatory! cytokines! is! known! to!
induce! apoptosis! in! beta! cells.
(167,168,169)
! Previous! studies! have! shown! that!
blocking!this!factor!can!ameliorate!the!onset!of!diabetes!in!both!murine!and!
human!models,!indicating!that!it!plays!an!important!role!in!regulating!beta!cell!
apoptosis.
(168)
!JNK!is!known!to!phosphorylate!the!APM1!family!of!transcription!
factors!including!cMFos,!cMJun,!ATF!and!JDP.
(168)!
APM1!transcription!factors!are!
implicated! in! regulating! a! range! of! cellular! processes! including! cell!
proliferation,!differentiation!and!apoptosis.
(170)!
The!APM1!transcription!factor!
has!been!shown!to!upregulate! the! transcription!of!a!number!of!genes! that!
induce! apoptosis! including! FASML,! TNFα! and! BAK.
(170,171)
! This! pathway! is!
implicated!in!the!regulation!of!apoptosis!in!several!cell!types,!including!cells!
in! the! central! nervous! system! in! which! blockage! leads! to! reduced!
apoptosis.
(170)
! ! The! expression! of! APM1! target! genes! on! exposure! to! proM
inflammatory! cytokines! may! play! a! crucial! role! in! triggering! beta! cell!
apoptosis.!Using!the!ATF3!transcription!factor!as!an!example,!transgenic!mice!
expressing! ATF3! developed! abnormal! islets.
(169)
! Knockout! models! of! ATF3!
have!been!shown!to!partially! inhibit!NOMmediated!beta!cell!death.
(169)
!Thus!
JNK!may!regulate!apoptosis!via!the!induction!of!these!transcription!factors.!!
!
!
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Apart!from!modulating!transcription!factors!and!the!expression!of!genes,!JNK!
has! also! been! shown! to! interact!with! proteins! implicated! in! the! apoptotic!
pathways.!These!proteins! include!the!BclM2!protein!family!which!consists!of!
proMapoptotic!members! (BAX/BAK)! that! form! the!mitochondrial! apoptosisM
induced! channel! (MAC)! on! the! mitochondrial! membrane,! leading! to! the!
release! of! cytochrome! c,! formation! of! the! apoptosome! and! subsequent!
apoptosis.!The!antiMapoptotic!members! include!BclM2!and!BclMxL! that! inhibit!
MAC!formation.!
(172)
!JNK!may!modulate!the!activity!of!Bim!and!Bmf!of!the!BclM
2!family!of!proteins.!Their!activation!could!lead!to!the!activation!of!BAX!and!
initiation! of! the! intrinsic! pathway! of! apoptosis.
(171)
! Phosphorylation! of! Bim!
could!also!bind!and!neutralise!the!antiapoptotic!activity!of!BclM2!and!BclMxL.!
JNK! has! also! been! shown! to! phosphorylate! and! activate! the! p53! tumour!
suppressor! protein! which! could! be! another! potential! mechanism! for! JNKM
mediated!beta!cell!apoptosis.
(171)!
! !
!
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1.3! The!Role!of!IL910!in!Immunomodulation!in!Type!
1!Diabetes!
1.3.1!The!role!of!Interleukin!10!in!Immunomodulation!
Interleukin! 10! (ILM10)! is! a! cytokine! that! is! well! characterised! for! its! antiM
inflammatory!properties.
(173,174)
! It!was!the! first!cytokine!to!be!discovered! in!
the!ILM10!family!of!cytokines!whose!members!include!ILM10,!ILM20,!ILM22!and!ILM
26.
(175)
!The!gene!encoding!interleukin!10!is!located!on!chromosome!1!at!1q21M
32!in!the!human!genome.
(176,177)
!It!is!expressed!by!both!myeloid!and!lymphoid!
cells! and! it! plays! a! central! role! in! the! modulation! of! the! immune!
response.
(178,177)
!
!
1.3.1.1! IL910!Signal!Transduction!!
ILM10!is!secreted!as!a!paracrine!factor!that!binds!to!its!cognate!receptor!ILM10R!
on!its!target!cells.!ILM10R!is!a!tetramer!consisting!of!two!copies!of!ILM10R1!and!
ILM10R2!respectively!(Figure!1.12).
(179,180)
! ILM10R1!is!specific!to!the!binding!of!
ILM10,! and! binding! of! the! cytokine! results! in! a! conformational! change! in!
!
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structure!that!allows!oligomerisation!with!ILM10R2.
(181)
!ILM10R2!is!less!specific!
and! is! involved! in! the!signal! transduction!of!other!cytokines! including! IL22,!
IL26,!IL28!and!IL29.
(182)
!
!
!
!
Figure#1.12#:#Depiction#of#ILF10#signal#transduction.#(Image#adapted#from#Mosser#et#al,#2008).#(177)##
!
Binding!of!ILM10!to!its!receptor!leads!to!the!formation!of!protein!complexes!in!
the! cytoplasm.! ILM10R1! recruits! Janus!Kinase!1! (JAK!1)! and! ILM10R2! recruits!
Tyrosine! Kinase! 2! to! the! protein! complex.
(183)
! The! protein! complex! transM
phosphorylates!JAK!1,!activating!it.!Activated!JAK!1!phosphorylates!tyrosine!
!
Chapter!1:!Introduction!
!
!
!
62!
!
residues!on!the!cytoplasmic!tail!of!the!ILM10!receptor.
(184,185)
!STAT3!monomers!
are!recruited!to!the!phosphorylated!residues!and!interact!with!the!tyrosine!
residues! via! their! CMterminal! SH2! domain.
(185)
! This! interaction! leads! to! the!
phosphorylation!of!STAT3!by!JAK!1.
(184,185)
!Phosphorylated!STAT3!form!dimers!
via! interaction! of! their! SH2! domains! in! the! cytosol! and! translocate! to! the!
nucleus!of!the!cell!where!they!act!as!promoters!!for!gene!transcription.
(186)
!The!
signal!transduction!pathway!is!summarised!in!Figure!1.12.!
!
1.3.1.2! Regulation!of!NF9κB!via!STAT3!Signalling!
As! previously! discussed,! NFMκB! is! an! important! factor! involved! in! the! proM
inflammatory!response,!insulitis!and!subsequent!apoptosis!of!pancreatic!beta!
cells!in!the!pathology!of!autoimmune!diabetes.
(118,119,120,187)
!STAT3!is!known!to!
inhibit! the!expression!of!proMinflammatory!genes!by!NFMκB.
(174,188)
!Proposed!
mechanisms!underlying!this!include!those!at!the!nuclear!and!the!cytoplasmic!
level.!!
!
STAT3! has! been! shown! to! induce! the! expression! of! antiMinflammatory!
response!genes!(AIR!genes)!that!repress!the!expression!of!proMinflammatory!
genes!at!the!level!of!transcription!(Figure!1.13).!AIR!factors!identified!include!
!
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BCL3! that! impairs! the! ability! of! NFMκB! to! bind! to! DNA! and! express! proM
inflammatory!genes!by!acting!as!an!IκB.
(174,189,190)
!ETV3!is!a!coMrepressor!that!
inhibits! NFMκB! activity.
(174)
! ZFP36! interferes! with! TNFα! production! by!
destabilising!its!mRNA.
(191)
!SOCS3!inhibits!proMinflammatory!effects!of!ILM6!via!
inhibition! of! the! ILM6! receptor.
(192)
! These! are! but! a! few! of! the! AIR! factors!
identified.! STAT3! has! been! shown! to! have! approximately! 1,700! genomic!
targets!associated!with!the!antiMinflammatory!response.
(174)
!!
!
In! addition! to! its! regulation! of! gene! expression,! ILM10! has! been! shown! to!
inhibit!NFMκB!at!the!cytoplasmic!level,!probably!via!the!phosphorylation!and!
stabilisation!of!the!IκB!protein.!This!prevents!the!proteosomic!degradation!of!
IκB!and!the!subsequent!translocation!of!NFMκB!to!the!nucleus.
(188)!
!
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#
Figure#1.13# :#The# ILF10Fdependent#AIR#response# in#macrophages#as#described#by#Hutchkins#et#al.#
STAT3#activates#target#genes#leading#to#the#expression#of#AIR#factors#that#act#as#repressors#to#NFκB#
transcription.#(Image#adapted#from#Hutchkins#et#al,#2013).#(174)#
!
1.3.1.3! The!Pleiotropic!Nature!of!STAT3!
Studies! have! shown! that! although! the! binding! of! ILM10! and! ILM6! to! their!
receptors!both!activate!STAT3,!ILM10!has!a!predominantly!antiMinflammatory!
effect! on! dendritic! cells! and! ILM6! elicits! a! predominately! proMinflammatory!
response.
(193)
! Indeed,! under! the! right! conditions,! both! ILM6! and! ILM10! are!
known! to! have! proMinflammatory! effects! on! certain! cells.
(194,195,196,197)
! This!
highlights!the!fact!that!STAT3!is!pleiotropic!and!many!of!its!functions!are!cellM
!
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specific.!Studies!by!Hutchkins!et#al.!have!shown!that!transcription!factors!and!
coMfactors!associated!with!STAT3!signalling!are!preMbound!on!sections!of!DNA!
that! are! ‘primed’! to! express! predetermined! genes! upon! activation! of!
STAT3.
(174)
! The! genomic! targets! vary! between! cell! types! resulting! in! the!
differing! responses.! However,! there! appears! to! be! a! small! core! of!
evolutionarilyMconserved!genomic!targets!in!all!cell!types.!
!
1.3.1.4! IL910!Ameliorates!the!TH1!Cell9Mediated!Immune!Response!
As! previously! discussed,! autoimmune! diabetes! is! classically! described! as!
predominantly! TH1! or! cellMmediated! autoimmune! disease! where! the!
activation! of! cytotoxic! TMcells! and! the! expression! of! proMinflammatory!
cytokines! at! the! islets! of! Langerhans! leads! to! insulitis! and! the! progressive!
destruction! of! beta! cells.
(198)
! Although! a! TH2! response! is! implicated! in! the!
pathogenesis!of!Type!1!diabetes.
(198)
! ILM10!was! first!described! for! its! role! in!
TH1/TH2!crossMregulation.!!ILM10!produced!by!TH2!cells!directly!suppresses!the!
polarisation! of! TH0! CD4+! cells! into! TH1! cells! and! the! generation! of! a! cellM
mediated!immune!response!(Figure!1.14).#
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!
Figure#1.14#:#Figure#depicting#crossFregulation#between#the#TH1#and#TH2#responses.#TH1#cytokines#
are#known#to#inhibit#TH2#polarisation#of#naïve#TFcells##cells#and#vice#versa.#(Image#adapted#from#Liew#
et#al,#2001).#(199)#
#
ILM10!has!also!been!shown!to!regulate!the!expression!of!MHC!class!I!and!MHC!
class! II! molecules! in! immune! cells! and! could! affect! the! expression! of!
autoantigens!in!the!context!of!autoimmune!diabetes.!ILM10!has!been!shown!
!
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to! downregulate! the! expression! of! MHC! class! II! molecules! by! antigenM
presenting!cells!(APCs)!as!well!as!the!coMstimulatory!molecule!CD86!required!
for!TMcell!activation!and!survival.
(200,201)
!!ILM10!is!also!known!to!downregulate!
MHC! class! I!molecules! in! tumour! cells,! allowing! cancers! to! evade! immune!
detection.
(202)
!MHC!class!I!is!required!for!the!expression!of!autoMantigens!and!
CD8! cytotoxic! TMcellMmediated! apoptosis.!A! similar!mechanism! in!beta! cells!
could!protect!them!from!cellMmediated!apoptosis.!
!
As!discussed!previously,!TMregulatory!cells!play!a!pivotal!role!in!modulating!the!
immune! system! and! preventing! an! autoMimmune! response! through!
downregulating!the!induction!and!proliferation!of!TMcells.
(203)
!Indeed,!ablation!
of!Tpl2,!a!MAP3K8!that!regulates!innate/adaptive!immunity!and!inflamation!
has!been!shown!to!increase!intestinal!inflammation!in!mice!by!inhibiting!TMreg!
cells! and! ILM10! production.
(204)!
ILM10Msecreting! TMregs! exert! most! of! their!
immunomodulatory! effects! via! the! secretion! of! ILM10.! ILM10! is! a! known!
promoter!of!the!production!of!ILM10Msecreting!TMreg!(ILM10Treg)!cells!and!these!
cells!are!known!to!be!a!key!producer!of!ILM10.
(205,206)
!Thus!a!positive!feedback!
loop!involving!ILM10!is!present!for!the!regulation!of!TMcell!immune!responses!
in!this!TMcell!subset.!
!
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The! proMinflammatory! cytokines! TNFα,! ILM1β,! TGFβ! and! lPS! have! been!
implicated! in! the!pathology!of!diabetes.
(207)
!They!activate!NFMκB! in! immune!
cells!leading!to!the!expression!of!proMinflammatory!genes!and!recruitment!via!
chemotaxis! of! TH1Minduced! cells! to! the! pancreatic! islets.
(208)
! As! alluded! to!
earlier,! ILM10! is! able! to!block! the!expression!of!NFMκB,! thus!dampening! the!
immune! response! in! this!manner.! Thus!a!number!of!potential!mechanisms!
exist!whereby!ILM10!can!modulate!the!immune!system!and!reduce!the!degree!
of!TH1/cellMmediated!autoimmunity!in!type!1!diabetes.!
!
1.3.2!The!Contrasting!Effects!of!IL910!on!Pancreatic!Beta!Cells!
The! promising! immunomodulatory! properties! of! ILM10! have! made! it! an!
attractive!option!for!the!treatment!of!TH1Mmediated!autoimmune!diseases.!
ILM10!has!previously!been!shown!to!be!effective!in!modulating!autoimmune!
conditions! such! as! inflammatory! bowel! disease,! where! systemic!
administration!of! ILM10!reduced!colonic! inflammation! in!murine!models.
(209)!
However,! studies! on! the! efficacy!of! ILM10! in! the! treatment!of! autoimmune!
diabetes!have! shown!contrasting! results.
(210,211,212,213,214)
! Systemic! treatment!
!
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through!intramuscular!injection!of!ILM10!plasmid!DNA!has!been!shown!to!play!
a!protective!role!in!the!development!of!autoimmune!diabetes.
(211)
!In!contrast,!
local!expression!of!ILM10!by!pancreatic!islet!cells!has!been!shown!to!accelerate!
the! progression! of! autoimmune!diabetes.
(210)
! In! addition,! administration! of!
antiMILM10!antibodies!negated!this!effect!in!transgenic!NOD!mice.
(213)
!!
!
This!dichotomy!could!be!explained!by!the!immuneMstimulatory!properties!of!
ILM10.!In!high!concentrations!ILM10!can!conversely!enhance!the!differentiation!
and!cytotoxicity!of!TMcells.
(216)
!Thus!high!concentrations!of!ILM10!expressed!by!
islet!cells!in!the!islet!microenvironment!could!enhance!TMcellMmediated!beta!
cell! apoptosis.! ILM10! can! also! induce! the! MHC! II! molecule! on! B! cells! and!
enhance!B!cell!growth!and!differentiation.
(213)
!A!study!by!B!Balasa!et!al.!has!
shown!that!local!expression!of!ILM10!increases!the!expression!of!ICAM1!at!the!
site!of!the!islets,!potentially!enhancing!the!extravasation!and!recruitment!of!
TH1Minduced!autoimmune!cells!into!the!damaged!islets.
(212)!
!
Interestingly,!studies!have!shown!that!local!expression!of!viral!ILM10!(vILM10)!
seems!to!protect!pancreatic!beta!cells!from!apoptosis.!vILM10!is!known!to!lack!
most!of!the!immunostimulatory!properties!of!ILM10!and!may!indeed!supress!
!
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TH1/cellMmediated!immune!responses!more!specifically!than!ILM10.
(213,214)
!This!
dichotomy!highlights!the!complexities!of!ILM10’s!role!in!immune!modulation.!
Although! ILM10! is! conceptually! an! attractive! option! for! the! treatment! of!
autoimmune!diabetes,!it!is!clear!that!many!challenges!remain.!More!studies!
need! to! be! done! into! the! roles! of! ILM10! and! other! immunosuppressive!
cytokines!in!the!MSC!secretome!in!modulating!the!immune!response!before!
they!can!be!used!effectively!in!treating!autoimmune!diseases.!!
!
1.3.3!IL910’s!Regulation!of!Apoptosis!in!the!Pancreatic!Beta!Cell!
In!addition!to!its!immunomodulatory!properties,!ILM10!has!been!shown!in#vitro!
to!directly!offer!cytoprotection!to!pancreatic!beta!cells!after!coMadministration!
with!proMinflammatory!cytokines!implicated!in!the!pathology!of!autoimmune!
diabetes.
(217)
!!
!
A!number!of!antiMinflammatory!cytokines!including!ILM4!and!ILM13!have!been!
shown!to!offer!cytoprotection!directly!to!pancreatic!beta!cells.!ILM4!and!ILM13!
have!been!shown!to!induce!antiMapoptotic!genes!including!BclMxL!and!sILM1Ra!
!
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through! the! activation!of! STAT6! in! the!pancreatic! beta! cell.
(218)
! Figure! 1.15#
summarises!the!signal!transduction!of!ILM4!and!ILM13.!!
!
In!the!pancreatic!beta!cell,!the!downstream!signalling!events!following!binding!
of!ILM10!to!its!receptors!remains!largely!unexplored.!NFMκB!plays!a!key!role!in!
the!pathology!of!diabetes!through!the!activation!of!stressMactivated!protein!
kinases!(e.g.!cMJun,!JNK!and!p38)!as!well!as!triggering!ER!stress!and!the!release!
of!death!signals!from!the!mitochondria.
(219)
!!
!
Figure#1.15#:#Proposed#signaling#pathway#for#ILF4#and#ILF13Fmediated#cytoprotection#of#pancreatic#
beta#cells.#Binding#of#ILF4#and#ILF13#leads#to#recruitment#of#JAK#kinases#that#phosphorylate#STAT6.#
Phosphorylated#STAT6#subsequently# forms#dimers# that# translocate# to# the#nucleus#promoting# the#
expression#of#antiFapoptotic#genes#(Image#adapted#from#Russel#et#al,#2014).(218)#
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In!our!study,!we!hypothesize!that!ILM10’s!ability!to!block!the!downstream!gene!
expression!of!NFMκB!may!play!a!central!role!in!the!cytoprotective!role!of!ILM10!
on!the!pancreatic!beta!cell.!!
!
Reviewing! the! role! of! ILM10! in! other! cell! types,! a! number! of! potential!
mechanisms!can!be!suggested:!!
!
1)! Binding!of!ILM10!to!beta!cells!could!result!in!the!expression!of!repressors!
much! like! the! AIR! response! seen! in! immune! cells,! preventing! the!
expression!of!proMapoptotic!genes/cytokines!via!inhibition!of!NFMκB/APM1.!
!
2)! ILM10!could!stabilise!IκB!in!the!cytosol!preventing!its!degradation!via!the!
proteasome!and!subsequent!translocation!of!NFMκB!to!the!nucleus.!
!
3)! STAT3! has! been! shown! to! have! some! capacity! to! promote! gene!
expression.!ILM10!signalling!could!result!in!the!expression!of!antiMapoptotic!
genes!as!seen!in!ILM4!and!ILM13.!
!
!
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Further!research!needs!to!be!carried!out!to!determine!the!mechanism!of!the!
cytoprotection!shown!to!be!offered!by!ILM10.!This!would!shed!some!light!on!
the!value!of!ILM10!in!the!treatment!of!autoimmune!diabetes.!!
!
1.3.4!Thesis!Aims!and!Objectives!
In! the! introduction,!we! determined! that! treating! type! 1! diabetes! presents!
many! challenges.! The! stem! cell! secretome!may!present! a! novel! and! viable!
method!of!treating!type!1!diabetes!in!the!future.!Determining!the!therapeutic!
potential!of! the!MSC!secretome! in!ameliorating!the!pathogenesis!of! type!1!
diabetes! as! well! as! characterising! the! components! of! the! secretome! that!
confers! its! therapeutic! benefit! would! be! paramount! in! determining! it’s!
efficacy!as!a!treatment!modality.!With!this!in!mind,!the!following!objectives!
were!laid!out!for!the!thesis:!
!
Chapter!3!
Chapter!3!will!attempt!to!determine!whether!MSC!conditioned!media!(MSCM
CM)! is! able! to! prevent! proMinflammatory! cytokine! driven! falls! in! cellular!
!
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viability!by!measuring!the!metabolic!activity!of!beta!cells!in#vitro.!The!specific!
objectives!of!this!chapter!are:!
!
•! Culture! human! bone! marrow! derived! MSCs,! characterise! the! cells!
through! trilineage! differentiation! and! collect! conditioned! media!
derived!from!these!MSCs.!
•! Determine!the!effect!of!proMinflammatory!cytokines!(TNFα,! ILM1β!and!
IFNγ)!on!the!mitochondrial!metabolism!of!beta!cell!lines!in#vitro!using!
MTT!assys!
•! Determine!if!MSCMCM!is!able!to!ameliorate!proMinflammatory!cytokine!
driven!falls!in!mitochondrial!metabolism!of!beta!cell!lines!in#vitro!using!
MTT!assays.!
!
Chapter!4!
Chapter! 4! will! attempt! to! determine! if! MSCMCM! is! able! to! improve! the!
functionality!and!morphology!of!islet!in!an!in#vivo!model!of!type!1!diabetes.!
The!specific!objectives!of!this!chapter!are:!
!
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•! Establish! a! murine! model! of! type! 1! diabetes! via! multiple! low! dose!
Intraperitoneal!injections!of!streptozocin!(STZ).!
•! Determine! if! MSCMCM! improves! islet! functionality! using! terminal!
plasma!insulin!ELISAs.!
•! Determine!if!MSCMCM!improves!retention!of!body!fat/weight!via!DEXA!
scans.!
•! Determine! if!MSCMCM! improves! islet!morphology! through!pancreatic!
histology.!!
!
Chapter!5!
Chapter! 5! will! explore! whether! ILM10! could! play! a! role! in! the! direct!
cytoprotection!of!beta!cells.!The!specific!objectives!of!this!chapter!are:!
!
•! Characterise!the!presence!of!ILM10!in!MSCMCM!using!ELISA!assays!
•! Characterise! the! presence! of! the! ILM10! receptor! on! beta! cell! lines!
through!Electrophoresis!
•! Characterise! the! presence! of! the! ILM10! receptor! on! beta! cell! lines!
through!immunofluorescence.!
!
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!
This!study!will!shed!some!light!on!the!immunomodulatory!properties!of!the!
stem!cell!secretome!in!the!context!of!autoimmune!diabetes.!The!ultimate!goal!
of!research! into!the!stem!cell!secretome!is!to!be!able!to!offer!personalised!
medication! consisting! of! patientMspecific! cocktails! of! cytokines! and! factors!
that!can!be!administered!to!halt! the!progression!and!treat!a!wide!range!of!
autoimmune!and!degenerative!conditions.!
!
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2.1!Materials!
To!avoid!repetition!in!the!methods,!materials!used!in!this!thesis!were!obtained!
from!the!following!suppliers!as!detailed!in!the!following!table!for!reference:!!
Name! Catalogue!No.! Supplier!
(3@(4,5@dimethylthiazol@2yl)@2,5!
diphenyltetrazolium!bromide!
(MTT)!
M2128!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
3@isobutyl@1@methylxanthine!
(IBMX)! I7018!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
4R,6@Diamidino@2@phenylindole!
(DAPI)! D9542!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
ABTS! A3219!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
ALPCO!RAT!Ultrasensitive!ELISA! 80@INSRTH@E01!
ALPCO,!Salem!,!New!
Hampshire,!USA!!
Agarose! BP1356@500!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Alcain!Blue! A3157!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
Alizarin!Red!S! A5533!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
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Name! Catalogue!No.! Supplier!
Applied!Biosystem!TMMicroampTM!
Optical!8@Cap!Strips! 10321515!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!
Applied!Biosystem!TMMicroampTM!
Reaction!tube!with!cap!0.2ml! 10630806!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!
Ascorbic!acid!phosphate! A8960!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
Bovine!serum!albumin!(BSA)! BP9703@100!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Bone!Marrow!Mono!cells!cryoamp!!!
(25!million)!(MSCs)! 2M@125C!
Lonza,!Walkersville,!
Maryland,!USA!!
BlueJuiceTM!Gel!Loading!Buffer! 10816015!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
C57/BL6!inbred!mice! Nil!
ENVIGO,!
Huntingdon,!
Cambridgeshire,!UK!
Centifuge!tube!15ml! 62.554.502! SARSTEDT,!Leicester,!UK!
CellStar®!Cell!Culture!Flask!
(75cm2)!T75!
658170!
Griener!bio@one,!
Glouchestershire,!!
Stonehouse,!UK!
CellStar®!Cell!Culture!Flask!
(25cm2)!T25!
690160!
Griener!bio@one,!
Glouchestershire,!!
Stonehouse,!UK!
CellStar®!Cell!Culture!Multiwell!
Plate!(24!Well)!
662160!
Griener!bio@
one,Glouchestershire,!!
Stonehouse,!UK!
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Name! Catalogue!No.! Supplier!
Desamethosone! D2915!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
Direct!Load!Wide!Range!DNA!
Marker! D7058!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
DMSO! D2650!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
Dulbecco’s!Eagle!Modified!
Medium!(DMEM)!high!glucose!
without!L@glutamine!
BE12@614F! Lonza,!Slough,!UK!!
Dulbecco’s!Eagle!Modified!
Medium!(DMEM)!low!glucose!
without!L@glutamine!
BE12@707F! Lonza,!Slough,!UK!!
Ethidium!Bromide! E1510!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
Ethanol!100%! E0650/17!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Foetal!Bovine!Serum!(FBS)! DE14@801F! Lonza,!Slough,!Uk!!
Fibronectin! F0895!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
Human!IL@10!mini!ABTS!ELISA!
Development!Kit! 900@M21!
Peprotech,!London,!
Uk!
! !
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Name! Catalogue!No.! Supplier!
IL10RA!Polyclonal!Antibody! bs@2459R@A555!
Bioss!Antibodies,!
Woburn,!
Massachusetts,!USA!!
IL10RB!Polyclonal!Antibody! bs@2602R@FITC!
Bioss!Antibodies,!
Woburn,!
Massachusetts,!USA!!
Indomethacin! I7378!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
Insulin! I9278!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
Insulin,!Transferrin,!Selenium!(ITS)! I3146!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
Isopropanol! P/7500/17!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
L@Glutamine! BE17@605E! Lonza,!Slough,!Uk!!
L@Proline! P5607!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
Methanol! M/3900/17!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Microplate!(96!well)! 650101!
Griener!bio@one,!
Glouchestershire,!!
Stonehouse,!UK!
Non@essential!amino!acids! BE13@114E! Lonza,!Slough,!Uk!!
NuncTM!1.8ml!Crotube! 11311665!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!
!
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Name! Catalogue!No.! Supplier!
Oil!Red!O! O0625!
Sigma@Aldrich,!
Gillingham,!Dorset,!!
UK!!
Paraformaldehyde! P/0840/53!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Penicillin,!streptomycin,!!!!
amphotericin!B! BE17@745E! Lonza,!Slough,!UK!
Penicillin@Streptomycin!(P.S)! 17@602F! Lonza,!Slough,!UK!!
Phosphate!buffered!saline! BE17@516F! Lonza,!Slough,!UK!!
PolysineTM!Poly@l@lysine!coated!
Microscope!slides.! P4981!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!
Rabbit!IgG!Isotype!control,!FITC!
conjugated! bs@0295P@FITC!
Bioss!Antibodies,!
Woburn,!
Massachusetts,!USA!!
Rabbit!IgG!Isotype!control,!A555!
conjugated!
bs@0209P@
A555!
Bioss!Antibodies,!
Woburn,!
Massachusetts,!USA!!
Recombinant!human!IFNγ! 300@02!
Peprotech,!London,!
UK!
Recombinant!human!IFNγ! 300@02!
Peprotech,!London,!
UK!
Recombinant!human!IL@1β! 200@01!
Peprotech,!London,!
UK!
!
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Name! Catalogue!No.! Supplier!
Recombinant!human!TNFα! 300@01!
Peprotech,!London,!
UK!
RNase!Zap! R2020!
Sigma@Aldrich,!
Gillingham,!Dorset,!
UK!!
RNeasy!Mini!Kit! 74104! Qiagen,!Manchester,!UK!!
Roswell!Park!Memorial!Institute!
(RPMI)!High!glucose!without@L@
glutamine!or!phenol!red!
12@918F! Lonza,!Slough,!UK!
Syringe!filtration!Unit!Filtrospur!
2.0! 83.1826.001!
SARSTEDT,!Leicester,!
UK!
Streptozocin! Ab142155! Abcam,!Milton,!Cambridge,!UK!
SuperScriptTM!III!One@Step!RT@PCR!
System!with!PlatinumTM!Taq$DNA!
Polymerase!
12574018!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Tris@Acetate!EDTA!(TAE)!buffer!50x! EC@872!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Tween@20! 85113!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
Xylene! X3S@4!
Fisher!Scientific,!
Loughborough,!
Leicestershire,!UK!!
!
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2.2!!Cell!Culture!Methods!
All!Cell!Culture!procedures!were!conducted!at!the!Guy!Hilton!Research!Center,!
Stoke!on!Trent,!UK.!
Ethical! statement:! Bone!Marrow!Mononuclear! cells! were! purchased! from!
Lonza! (Slough,! Uk),! (Lot! Number:! 0000562133).! Cells! were! isolated! from!
donor!tissue!obtained!with!informed!consent!and!legal!authorisation.!
!
2.2.1!Preparation!of!Growth!Media!
BRIN@bd11! cells! were! cultured! in! Roswell! Park! Memorial! Institute! (RPMI)!
medium!with!4.5g/l!glucose.!This!was!supplemented!with!10%!foetal!bovine!
serum!(FBS)!and!1%!Penicillin@Streptomycin!(5,000!U/L)!!
!
The! TC6! cell! line!was! initially! cultured! in! low! glucose! Dulbecco’s!Modified!
Eagles!Medium!(DMEM)!with!1g/L!glucose!due!to!the!potential!sensitivity!of!
TC6!cells!to!higher!concentrations!of!glucose.(220)!This!was!supplemented!with!
10%! heat! inactivated! foetal! bovine! serum! (FBS)! and! 1%! Penicillin@
Streptomycin.!To!prepare!heat!inactivated!FBS,!FBS!was!heated!to!50oC!in!a!
!
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water!bath!for!30!minutes!before!it!was!added!to!the!medium.!After!several!
unsuccessful!attempts!at!culturing!the!cells!a!preparation!of!4.5g/L!glucose!
DMEM! supplemented! with! 15%! heat@inactivated! foetal! bovine! serum! was!
found! to! provide! good! growing! conditions! for! these! cells.! This! optimised!
preparation!was! used! throughout! the! experiments.!MSCs!were! cultured! in!
complete!MSC!medium!consisting!of!DMEM!with!1g/L!glucose!supplemented!
with!5%!FBS,!1%!L@glutamine,!1%!non@essential!amino!acids!!and!1%!Penicillin@!
Streptomycin!with!Amphotericin!B.!
!
2.2.2!! Cell!Lines!Utilised!
The!cell!lines!utilised!in!the!experiments!are!depicted!in!Figure!2.1!below.!
!
Figure$2.1$:$Microscopy$images$of$cells$utilised.$Images$taken$at$x20$magnification.$A$@$BRIN@bd11$
cells,$B$@$TC6$Cells,$C$@$Mesenchymal$Stem$Cells$(MSCs)$Scale$bar$=200µm.$
!
!
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Brin@bd11!cells!used!in!this!thesis!were!a!kind!gift!from!Ulster!university.!The!
BRIN@bd11! cell! line! is! a!hybrid! cell! line!produced!via! the!electrofusion!of! a!
primary!culture!of!NEDH!rat!pancreatic!cells!with!RINm5F,!which!is!a!cell!line!
derived! from! NEDH! rat! insulinoma! cells.(221)! They! are! stable,! glucose@
responsive!insulin!secreting!cells!expressing!the!GLUT2!transporter,!and!have!
applications!in!the!study!of!pancreatic!beta!cell!function.(221)!These!cells!were!
utilised!between!passages!(P)!38!to!67.!!
!
TC6!cells!were!ordered!from!ATCC!as!detailed!in!Section!2.1.!The!TC6!cell!line!
is! derived! from! insulinoma! cells! obtained! from! transgenic! mice.(222)! These!
mice! carry! the! pseudogene! construct! composed! of! the! SV40! early! region!
controlled! by! the! rat! insulin! II! promoter! gene.(222)! They! secrete! insulin! in!
response!to!glucose.!These!cells!were!utilised!between!passages!(P)!7!to!20.!
!
MSCs!were!obtained! from!bone!marrow!aspirate.! 25!million!bone!marrow!
mononuclear! cells!were! purchased! from! Lonza! and! cultured! as! detailed! in!
Section!2.2.8.!Cells!were!utilised!between!passages!(P)!2!to!3!before!cells!were!
discarded.!
!
!
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2.2.3!Culturing!of!Cells!
Cells!were!cultured!in!the!cell!culture!lab!at!the!Guy!Hilton!Research!Centre,!
Stoke@on@Trent,! UK.! Cell! culture!methods! were! performed! in! laminar! flow!
cabinets! using! aseptic! techniques.! Cells!were! incubated! in! a!MCU@18AC@PE!
Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)!at!37oC!with!5%!CO2!and!21%!
O2.!
!
2.2.4!Thawing!Cells!from!Liquid!Nitrogen!
BRIN@bd11!and!TC6!cells!were!thawed!from!liquid!nitrogen!before!being!used!
in! cell! culture.! Cryovials! containing! the! cells! were! removed! from! liquid!
nitrogen.!The!cryovials!were!heated!in!a!37oC!Grant!JB!Nova!(Grant,!Royston,!
UK)!water!bath! to! facilitate! rapid!defrosting!of! the!cells.!The!defrosted!cell!
suspension!in!each!cryovial!was!added!to!a!15ml!centrifuge!tube!containing!
4ml! of! medium! and!mixed! well.! The! cell! suspension! was! centrifuged! in! a!
HeraeusTM! MegafugeTM! 8! Small! Benchtop! Centrifuge! (Thermo! Scientific! ,!
Osterode!am!Harz,!Germany)!at!900rpm!for!5!minutes.!The!supernatant!was!
decanted! and! the! cell! pellet! re@suspended! in! 2ml! of! medium.! 1ml! of! re@
!
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suspended! cell! solution! was! added! to! labelled! flasks! containing! growth!
medium.!
T75!flasks!were!used!to!culture!BRIN@bd11!cells.!15ml!of!RPMI!growth!medium!
as!prepared!in!Section!2.2.1!was!added!to!each!T75!flask.!T25!flasks!were!used!
to!culture!TC6!cells.!5ml!of!DMEM!medium!as!prepared!in!Section!2.2.1!was!
added!to!each!T25!flask.!!
!
2.2.5!!Passaging!of!cells!
BRIN@bd11!cells!were!passaged!at!80@90%!confluence.!TC6!cells!tend!to!form!
clusters!much!like!islets!and!cells!in!the!centre!of!these!clusters!will!undergo!
necrosis!if!left!too!long!due!to!the!limited!diffusion!of!nutrients!to!these!cells.!
Therefore,!TC6!cells!were!passaged!at!around!50@60%!confluence.!To!passage!
cells!0.25%!trypsin,!PBS!and!growth!medium!were!pre@heated!in!a!37oC!Grant!
JB!Nova!(Grant,!Royston,!UK)!water!bath.!When!the!optimal!confluence!was!
reached,!the!growth!medium!was!removed!from!the!flasks!and!the!flasks!were!
washed!with!4ml!of!PBS!to!remove!excess!medium.!2ml!of!0.25%!trypsin!was!
added!to!each!T75!flask!and!0.7ml!to!each!T25!flask.!The!trypsin@treated!flasks!
were!kept! ! in!a!MCU@18AC@PE! Incusafe!CO2!Incubator! (Panasonic,!Leicester,!
!
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UK)! at! 37oC! for! 4@5!minutes! to! allow! cells! to! detach! from! the! flasks.! After!
incubation,!the!cells!were!viewed!under!a!Olympus!CKX41!(Olympus,!Tokyo,!
Japan)! light! microscope! to! visualise! the! detachment! of! the! cells! from! the!
culture!flasks.!Care!was!taken!not!to!agitate!the!flasks!to!avoid!clumping!of!
the!cells.!Cells!were!returned!to!the!incubator!if!inadequate!detachment!was!
observed,!and!subsequently!viewed!again!under!the!microscope.!The!process!
was!repeated!until!all!the!cells!had!detached.!When!all!the!cells!had!detached,!
4ml!of!medium!was!added!to!each!flask!to!inactivate!the!trypsin.!The!medium!
was!used! to!wash! the! flask! several! times,! to!maximise! the!number!of! cells!
retrieved.!The!suspension!of!cells!was!aspirated!from!the!flasks!and!added!to!
a!50ml! centrifuge! tube!and!centrifuged! in!a!HeraeusTM!MegafugeTM!8!Small!
Benchtop! ! Centrifuge! (Thermo! Scientific! ,! Osterode! am!Harz,! Germany)! at!
900rpm!for!5!minutes.!On!removal!from!the!centrifuge!the!tube!was!inspected!
to!ensure!that!a!cell!pellet!was!visible!at!the!base!of!the!centrifuge!tube.!The!
supernatant!was!decanted!and!the!cell!pellet!resuspended!in!5ml!of!growth!
medium.! At! this! point! the! cells! could! be! counted! to! be! used! in! other!
experiments! as! detailed! in! Section! 2.2.6.! Growth! medium! was! added! to!
culture!flasks!and!the!desired!number!of!cells!added!to!each!flask.!The!flasks!
were!labelled!with!the!passage!number!as!well!as!the!date!the!passage!took!
!
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place!and!the!cell!type!contained!in!the!flask.!Cells!were!incubated!in!a!MCU@
18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)!at!37oC!with!5%!CO2!
and!21%!O2.!100%!media!changes!were!carried!out!twice!a!week.!
!
2.2.6!Performing!Cell!Counts!
!
Figure$2.2$:$Depiction$of$haemocytometer$grid.$In$each$corner$of$the$grid$16$small$squares$can$be$
seen.$Cells$within$these$squares$were$counted.$Four$separate$counts$were$obtained,$one$for$each$
corner$of$the$grid.$The$values$were$added$together$and$divided$by$four$to$obtain$the$average$cell$
count.$(Image$adapted$from$Braukaiser.com,2017)$(223)$
!
Cell!counts!were!performed!manually!using!a!Neubauer@improved!with!dark!
lines!haemocytometer!(Marienfield,!Lauda@Konigshoen,!Germany).!After!cells!
!
Chapter!2:!Materials!and!Methods!
!
!
!
91!
were!trypsinised!and!re@suspended!in!media!as!detailed!in!Section!2.2.5,!15!
μL!of!cell!suspension!was!added!to!the!haemocytometer!and!the!cells!were!
visualised!under!an!Olympus!CKX41!(Olympus,!Tokyo,!Japan)!light!microscope!
and!counted!using!a!handheld!counter!(Figure!2.2).!
!
The!total!number!of!cells!was!calculated!using!the!following!formula:!
Total&cell&count&=&average&cell&count&x&dilution&factor&x&10,000&
The!method!for!obtaining!the!average!cell!count!is!described!in!Figure!2.2.!The!
dilution!factor!is!the!number!of!millilitres!of!medium!in!which!the!cells!were!
re@suspended.!
!
2.2.7!Recovery!and!Expansion!of!MSCs!
Bone!marrow!mononuclear!cells!were!purchased!from!Lonza!as!a!cryoamp!of!
25!million!cells.!T75!flasks!were!pre@treated!with!a!sterile!10ng/ml!solution!of!
fibronectin! in!PBS!and! incubated! in!a!MCU@18AC@PE! Incusafe!CO2!Incubator!
(Panasonic,! Leicester,! UK)! at! 37oC! for! an! hour.! After! this! period,! the!
fibronectin!solution!was!removed!and!20ml!of!complete!MSC!medium!added!
to! each! flask.! The! cells! were! thawed! in! accordance! with! the! procedure!
!
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detailed! in! Section! 2.2.4.! The! thawed!mononuclear! cells!were! seeded! at! a!
density!of!105!cells/cm2!in!the!fibronectin!pre@treated!flasks.!The!cells!were!
incubated! in! a!MCU@18AC@PE! Incusafe! CO2! Incubator! (Panasonic,! Leicester,!
UK)!at!37oC!with!5%!CO2!and!21%!O2.!After!one!week,!a!50%!medium!change!
was!performed.!After!a!further!week,!a!100%!medium!change!was!carried!out.!
Subsequently!100%!medium!changes!were!carried!out!twice!a!week.!
!
2.2.8!Isolation!and!Culture!of!MSCs!
After!three!weeks!in!culture,!MSCs!were!isolated!from!mononuclear!cells.!The!
medium!was!removed!from!the!T75!flasks.!The!flasks!were!washed!with!4ml!
of!PBS.!2ml!of!! 0.25%!trypsin!was!added!to!each!flask!and!the!flasks!were!
incubated! in! a!MCU@18AC@PE! Incusafe! CO2! Incubator! (Panasonic,! Leicester,!
UK)! at! 37oC.!MSCs! generally! detach! after! 3@4!minutes! of! exposure! to! 10%!
trypsin,!while!other!mononuclear! cells! take!much! longer! (~10@15!minutes).!
This! allows! for! the! isolation!of!MSCs! from!other! cells! in! culture.! !After!3@4!
minutes!of!exposure!to!trypsin,!4ml!of!complete!MSC!medium!was!added!to!
each!flask!to!inactivate!the!trypsin.!The!resulting!cell!suspension!was!added!to!
!
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a!15ml! centrifuge! tube!and!centrifuged! in!a!HeraeusTM!MegafugeTM!8!Small!
Benchtop! ! Centrifuge! (Thermo! Scientific! ,! Osterode! am!Harz,! Germany)! at!
900rpm!for!5!minutes.!The!supernatant!was!carefully!pipetted!away!leaving!
around!2ml!at!the!base!of!the!tube.!The!remaining!2ml!was!then!mixed!well!
and!added!to!a!T75!flask!containing!20ml!of!complete!MSC!medium.!The!cells!
were! incubated!MCU@18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!Leicester,!
UK)!at!37oC!with!5%!CO2!and!21%!O2,!and!medium!changes!were!carried!out!
twice!a!week.!The!MSCs! can!be!visualised!as!adherent! fibroblastic! (spindle!
shaped)!cells!as!depicted!in!Figure!2.1.!
!
2.2.9!Freezing!Cells!in!Liquid!Nitrogen!
Superfluous! cells! were! frozen! in! liquid! nitrogen! for! future! use.!
Cryopreservative!was!prepared!consisting!of!10%!dimethyl!sulfoxide!(DMSO).!
20%!FBS!and!70%!culture!medium.!Cells! in!suspension!to!be!cryopreserved!
were! counted! as! described! in! Section! 2.2.6.! The! cells! were! centrifuged! at!
900rpm! in! a!HeraeusTM!MegafugeTM!8! Small! Benchtop! ! Centrifuge! (Thermo!
Scientific! ,!Osterode!am!Harz,!Germany)for!5!minutes!and! the! supernatant!
decanted.! Cryopreserving! fluid! was! added! and! mixed! well! to! obtain! a!
!
Chapter!2:!Materials!and!Methods!
!
!
!
94!
suspension!of!1!million!cells!per!ml.!1ml!of!cryopreservant!cell!suspension!was!
added! to! each! 2.5ml! cryotube.! The! cryovials! were! stored! in! a! Mr! Frosty!
cryopreserving! container! (Thermo! Scientific,! Windsford! ,! UK)! in! a! MDF@
U5386S@PE!PRO!ULT!Upright!Freezer! (Panasonic,! Leicester,!UK)! set!at! @80oC!
overnight.!The!tubes!were!subsequently!transferred!into!liquid!nitrogen.!This!
helps!to!slow!the!freezing!process!and!inhibits!ice!from!forming!within!cells,!
which!could!break!the!cell!membranes!and!reduce!cell!viability.!
!
2.2.10!Producing!MSCRCM!
MSCs!were!cultured!and!expanded!as!detailed! in!Section!2.2.7.!MSCs!were!
subsequently! isolated!from!mononuclear/haematopoietic!cells!and!cultured!
as! detailed! in! Section! 2.2.8.! MSC@CM! was! produced! using! cells! in! early!
passages!(P2@P3)!before!signs!of!cellular!senescence!were!seen.!(e.g.!cellular!
enlargement,! increase! in!cellular!vacuoles/debris).! (224)!Senescent!cells!have!
been!shown!to!mount!a!pro@inflammatory!response!by!activation!of!a!process!
known! as! the! senescence@associated! secretory! phenotype! (SASP).! This!
involves!a! factor!of!10@800! increase! in! the!production!of!pro@inflammatory!
cytokines!including!IL@8,!IL@6!and!GM@CSF.(224,225)!Senescent!cells!do!not!exert!
!
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immunomodulatory!properties!and!could!conversely!exacerbate!the!immune!
response! in! immune!mediated! disease.(226)! Senescence! associated! changes!
including!changes!in!cellular!morphology!and!differentation!potential!become!
increasingly!more!apparent!after!around!passages!4@5.!As!a!result,!MSC@CM!
was!collected!from!cells!between!passage!2!and!3.!
!
When! MSCs! were! between! 70@80%! confluence,! the! growth! medium! was!
removed!and!cells!were!washed!with!PBS.!15ml!of!RPMI!medium!was!added!
to! each! T75! flask! containing!MSCs! and! cells!were! incubated!MCU@18AC@PE!
Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)!for!24!hours!at!37oC,!21%!
O2,!5%!CO2.!70%@80%!confluence!corresponds!to!the!density!where!the!time!
taken! for! the! MSC! population! to! double! is! the! shortest! (i.e.! the! rate! of!
proliferation! is! greatest! at!70@80%!confluence).(227)! Theoretically! this!would!
correspond!to!the!time!when!the!cells!are!metabolically!the!most!active!and!
are!secreting!the!greatest!quantities!of!soluble!factors!into!the!medium!being!
conditioned.!!
!
After!24!hours!in!culture,!the!conditioned!medium!was!removed!from!the!T75!
flasks! and! growth! medium! replaced.! The! conditioned! medium! was!
!
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centrifuged!in!a!HeraeusTM!MegafugeTM!8!Small!Benchtop!!Centrifuge!(Thermo!
Scientific!,!Osterode!am!Harz,!Germany)!and!sterile!filtered!to!remove!debris.!
The!conditioned!medium!was!subsequently!aliquotted! into!5ml!bijou!tubes!
and! stored! in! a! MDF@U5386S@PE! PRO! ULT! Upright! Freezer! (Panasonic,!
Leicester,!UK)!set!at!@80oC!!until!needed!for!experimentation.!
!
Multiple! freeze/thaw! cycles! of! conditioned! medium! were! avoided! as! this!
could! potentially! damage! proteins/exomes! in! the! samples.! Conditioned!
medium!was! collected! from!passages!2! and!3!and! cells!were! subsequently!
discarded.!
! !
!
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2.3! In!Vitro!Methodologies!
All! in$vitro!experiments!were!conducted!at!the!Guy!Hilton!Research!Center,!
Stoke!on!Trent,!UK.!
!
2.3.1!Trilineage!Differentiation!of!MSCs!
Preparation!of!Differentiation!Medium!
To! induce! adipogenic! differentiation,! cells! were! cultured! in! adipogenic!
medium.!Complete!MSC!growth!medium!was!used!consisting!of!DMEM!with!
1g/L!glucose,!supplemented!with!1%!NEAA,!1%!L@glut!and!10%!FBS.!This!was!
supplemented!with! 0.5µM!dexamethasone,! 0.5mM! IBMX! ,! 10ug/ml! insulin!
and!100µM!indomethacin.!
!
To! induce! osteogenic! differentiation,! cells! were! cultured! in! osteogenic!
medium.!Complete!MSC!growth!medium!was!used!consisting!of!DMEM!with!
1g/L!glucose,!supplemented!with!1%!NEAA,!1%!L@glut!and!10%!FBS.!This!was!
supplemented! with! 50µM! ascorbic! acid! ,! 10mM! β@glycerophosphate! and!
0.1µM!dexamethosone.!
!
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To!induce!chondrogenic!differentiation,!cells!were!cultured!in!chondrogenic!
medium.!MSC!growth!medium!was!used!consisting!of!DMEM!with!1g/l!glucose!
supplemented!with!1%!NEAA,!1%!L@glut!and!1%!FBS.!This!was!supplemented!
with! 1%! v/v! ITS! ,! 0.1µM! dexamethosone,! 50µM! ascorbic! acid,! 40µg/ml! L@
proline,!1%!v/v!sodium!pyruvate!!and!10ng/ml!TGF@B3.!
!
!
Preparation!of!Stains!
Stock!solution!of!Oil!Red!O!was!prepared!by!mixing!300mg!of!Oil!Red!O!powder!
with!100ml!of!99%!isopropanol.!
!
Working!solution!Oil!Red!O!only!remains!stable!for!approximately!2!hours,!so!
should!be!prepared!immediately!before!staining.!In!a!fume!hood,!3!parts!stock!
solution!of!Oil!Red!O!were!mixed!with!2!parts!water.!The!addition!of!water!
results!in!precipitates!forming!in!solution.!The!solution!was!passed!through!a!
20µl!syringe!filter!to!remove!precipitates!that!would!affect!image!quality.!
!
A!solution!of!Alizarin!Red!was!prepared!by!dissolving!2g!Alizarin!Red!powder!
in!100ml!distilled!water.!The!solution!was!sterile!filtered!before!use.!
!
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!
A!solution!of!Alcain!Blue!was!prepared!by!mixing!1g!Alcain!Blue!powder!with!
a!3%!solution!of!acetic!acid.!PH!should!be!adjusted!to!2.5!with!acetic!acid.!The!
solution!was!sterile!filtered!before!use.!!
!
Seeding!of!MSCs!
To!prepare!a!monoloyer!for!staining,!cells!were!trypsonised!and!re@suspended!
in!medium!and!counted.!30,000!cells!were!seeded!per!well!in!a!24!well!plate.!
Two!wells!were!seeded!for!each!of!adipogenic,!chondrogenic!and!osteogenic!
differentiation,! with! two! additional! wells! seeded! for! each! type! of!
differentiation!as!negative!controls.!
!
To!prepare!a!micromass!for!staining,!cells!were!trypsonised!and!re@suspended!
in!medium!and!counted.!Cells!were!centrifuged!in!a!HeraeusTM!MegafugeTM!8!
Small!Benchtop!!Centrifuge!(Thermo!Scientific!,!Osterode!am!Harz,!Germany)!
and!supernatant!decanted.!32µL!of!medium!was!added!and!mixed!well.!8µL!
of!cells!was!applied!as!a!drop!to!the!center!of!each!of!four!wells!in!a!24!well!
plate.!Medium!was!added!after!the!cells!attached.!!
!
!
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Culturing!of!MSCs!for!Differentiation!
MSCs!were!incubated!in!a!MCU@18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!
Leicester,!UK)!at!37oC!with!21%!O2!and!5%!CO2.!After!three!days,!Complete!
MSC!growth!medium!was!replaced!with!differentiation!medium!for!the!wells!
undergoing!differentiation.!Complete!MSC!growth!medium!was!added!to!the!
negative!controls.!The!medium!was!subsequently!changed!every!two!days.!!
!
Fixing!of!MSCs!
Following!3!weeks!in!culture!the!medium!was!removed!and!cells!were!washed!
with! 2ml! PBS,! taking! care! not! to! disturb! the! monolayer.! Cells! were!
subsequently!fixed!by!the!addition!of!4%!paraformaldehyde!for!15!minutes.!
Cells!were!washed!again!in!PBS.!
!
Staining!of!Cells!
To!stain!adipogenic!MSCs,!1ml!of!isopropanol!was!added!to!each!well!and!left!
for!2!minutes.!Isopropanol!was!aspirated!and!1ml!of!working!solution!of!Oil!
Red!O!added!and!allowed!to!stand!for!5!minutes.!Wells!were!subsequently!
washed!with!PBS!until!the!PBS!remained!clear.!!
!
!
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To!stain!chondrogenic!MSCs,!1ml!of!Alcain!Blue!was!added!to!each!well.!The!
stain! was! left! overnight! at! room! temperature.! Before! viewing,! cells! were!
washed!with!PBS!until!the!PBS!remained!clear.!!
!
To!stain!osteogenic!MSCs,!1ml!of!Alizarin!Red!was!added!to!each!well!and!left!
for! 15!minutes.! Before! viewing,! cells! were!washed!with! PBS! until! the! PBS!
remained!clear.!!
Staining!was!viewed!with!a!EVOSTM!XL!Core!Imaging!System!(Thermo!Scientific,!
Windsford,!UK).!
!
2.3.2!MTT!Assay!Optimisation!Experiment!
Preparation!of!Media/Reagents.!
Cells!were!treated!with!four!different!types!of!media!in!this!experiment:!!MSC@
CM,!RPMI,!MSC@CMS!(MSC@CM!with!serum)!and!RPMIS!(RPMI!with!serum).!
!
MSC@CM!was!produced!as!detailed! in!Section!2.2.10.!5%!FBS!was!added!to!
RPMI!and!MSC@CM!media!to!produce!PRMIS!and!MSC@CMS!respectively.!
!
!
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To!prepare!a!stock!solution!of!MTT!reagent,!MTT!reagent!(Sigma@Aldrich)!was!
dissolved!in!PBS!to!a!concentration!of!5mg/ml.!MTT!stock!solution!should!be!
stored!in!the!dark!as!the!reagent!is!photosensitive.!
!
To!prepare!a!working!solution!of!MTT,!Stock!MTT!solution!was!dissolved! in!
plain!RPMI!(1:10).!
!
To! prepare! solvent! for! formazan! crystals,! equal! parts! of! DMSO! and!
isopropanol!were!mixed.!!
!
Seeding!Cells!
Cells!were! trypsonised! and! re@suspended! in!medium!as! detailed! in! Section!
2.2.5.!The!cells!were!counted!as!detailed!in!Section!2.2.6.!40,000!BRIN@bd11!
cells!were!seeded!per!well! in!96!well!plates.!Over@confluent!cells!can!affect!
metabolism!and!disrupt!the!linear!relationship!between!absorbance!and!cell!
number,!thus!cells!should!be!seeded!at!an!optimum!density.(228)!40,000!cells!
per!well!!was!the!seeding!density!deemed!to!reach!~80%!confluence!after!24!
hours’! incubation! which! was! standardised! across! experiments! to! avoid!
overconfluence.! In! each! of! three! 96! well! plates,! 9! wells! were! seeded! for!
!
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treatment!with!each!type!of!medium!respectively.!Cells!were!incubated!for!24!
hours!in!a!MCU@18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)at!
37oC,!21%!O2,!5%!CO2.!
Treating!Cells!with!Prepared!Media!
Growth!medium!was!removed!from!the!cells!and!cells!were!washed!twice!with!
PBS.!To!each!of!three!96!well!plates,!200µl!of!each!of!the!four!types!of!media!
was!added!to!9!wells!seeded!with!cells!respectively.!Medium!that!had!been!
conditioned! by! MSCs! (MSC@CM/MSC@CM+serum)! were! used! as! positive!
controls.!Cells!were!incubated!for!24!hours! in!a!MCU@18AC@PE!Incusafe!CO2!
Incubator!(Panasonic,!Leicester,!UK)!at!37oC,!21%!O2,!5%!CO2.!
!
Treating!Cells!with!MTT!Reagent!
Medium!was!removed!from!the!cells!and!cells!were!washed!twice!with!PBS.!
220µl! of! working! MTT! solution! was! added! to! each! well! containing! cells.!
Culture!conditions!can!affect! the!ability!of! cells! to! reduce!MTT! reagents! to!
formazan.!Presence!of!compounds!such!as!ascorbic!acid!and!coenzyme!A!can!
interfere!with! the!MTT! assay,!mandating! the! need! for!media! and! cell@free!
controls!for!each!experiment.(228,229)!Thus,!220µl!of!working!MTT!solution!was!
added! to!9! cell@free!wells! in!each!96!well! plate! to!act! as! cell@free!negative!
!
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controls.!Addition!of!MTT!reagent!to!each!96!well!plate!was!staggered!at!1!
hour!intervals!to!allow!for!the!first!plate!of!cells!treated!to!be!exposed!to!MTT!
for!3!hours,!the!second!plate!to!be!exposed!for!2!hours!and!the!final!plate!to!
be!exposed!to!MTT!reagent!for!1!hour.!!
!
Dissolving!Formazan!Crystals!
Plates!were!centrifuged!for!1!minute!at!1,000!rpm.!195µl!of!MTT!reagent!was!
removed!from!each!well!and!100µl!of!formazan!solvent!was!added!to!each!
well.!The!plates!were! incubated!for!45!minutes! in!a!MCU@18AC@PE!Incusafe!
CO2!Incubator!(Panasonic,!Leicester,!UK)!at!37oC,!21%!O2,!5%!CO2.!
!
Reading!Absorbance!
Wells!were!pipetted! to!ensure! formazan!crystals!were!uniformly!dissolved.!
Bubbles!in!wells!can!affect!absorbance!and!were!removed!before!plates!were!
read.!Plates!were!read!at!570nm!absorbance!using!a!Synergy!2!Multi@Mode!
Reader!(Bio@Tek,!Swindon,!UK).!
!
!
!
!
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Data!Analysis!
To!determine!the!relationship!between!MTT!incubation!time!and!absorbance!
readings,! we! fitted! exponential! curves! to! the! data! in! Figure! 3.10! and!
determined!that!the!relationship!between!absorbance!and!length!of!time!in!
MTT! is!exponential! in!nature.!Nine! replicate! samples! from!one!experiment!
were! used! for! each! data! point.! Data! is! expressed! as! mean! +/@! standard!
deviation.! Differences! between! experimental! groups! were! evaluated! using!
unpaired!T@tests!assuming!unequal!variance.!A!p!value!of!<0.05!was!deemed!
to!be!significant.!All!data!points!were!compared! to! the!negative! (0!hour! in!
MTT)!control.!
!
To! determine! the! effect! of! conditioned!media! on!BRIN@bd11! cells,! viability!
readings!for!MSC@conditioned!medium!treated!cells!were!normalised!to!their!
respective! non@conditioned! media! controls! for! comparison.! Nine! replicate!
samples! from! one! experiment! were! used! for! each! data! point.! Data! is!
expressed!as!mean!+/@!standard!deviation.!Differences!between!experimental!
groups!were!evaluated!using!unpaired!T@tests!assuming!unequal!variance.!A!p!
value!of!<0.05!was!deemed!to!be!significant.!!
!
!
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2.3.3!CytokineRInduced!Apoptosis!MTT!Assays!
Preparation!of!Reagents!
1)$Stock$Solution$of$Cytokines$
Vials!of!cytokines!(TNFα,! IFNγ!and!IL@1β!)!were!centrifuged! in!a!MicroCL!17!
Microcentrifuge! (Thermo! Scientific,! Windsford,! UK)! and! reconstituted! in!
sterile!distilled!water!to!0.1mg/ml.!Resulting!stock!solutions!of!cytokines!were!
aliquotted!and!stored!in!a!Bosch!Clasixx!(Boshh,!Liverpool,!UK)!@30oC!freezer!
until!needed!for!experimentation.!
!
2)$Working$Solution$of$Cytokines$
Serial!dilutions!of!each!cytokine!were!made!in!RPMI!media!from!1,000ng/ml!
to!0.1ng/ml.!A!cytomix!of!all!three!cytokines!in!equal!parts!in!RPMI!was!also!
prepared! to! a! total! concentration! of! 1,000ng/ml! and! serial! dilutions!
subsequently!made!from!1,000ng/ml!to!0.1ng/ml.!For!cells!treated!with!MSC@
CM,!a!working!solution!of!1,000ng/ml!was!prepared!for!each!cytokine!as!well!
as!a!cytomix!of!all!three!cytokines!in!equal!parts!for!a!final!total!concentration!
of!1,000ng/ml.!
!
!
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$
3)$MTT$Reagent$and$Formazan$Diluent.$
MTT! reagents! and! formazan! diluent! were! prepared! as! detailed! in! Section!
2.3.2.!
!
Seeding!Cells!
Cells!were!seeded! in!a!96!well!plate.!40,000!cells!were!seeded!per!well! for!
BRIN@bd11! cells! and! 60,000! per!well! for! TC6! cells.! These! seeding! densities!
resulted! in! 80%! confluence! after! 24! hours’! incubation! for! each! cell! line!
respectively.!This!is!to!prevent!over@confluence!as!described!in!Section!2.3.2.!!!
Nine!wells!were! seeded! for! treatment!with!each!concentration!of! cytokine!
respectively.!Nine!further!wells!were!seeded!as!untreated!control!cells.!Cells!
were! incubated! in! a! MCU@18AC@PE! Incusafe! CO2! Incubator! (Panasonic,!
Leicester,!UK)!for!24!hours!at!37oC,!21%!O2,!5%!CO2.!
!
!
Treatment!with!Pro@inflammatory!Cytokines!
Medium!was!removed!from!the!cells!and!cells!were!washed!twice!with!PBS.!
200µl!of!media+cytokines!was!added!in!to!each!of!9!wells!containing!cells!for!
!
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each!concentration!of!cytokines!respectively.!This!is!to!account!for!variability!
between!medias!used!as!described!in!Section!2.3.2.!Cells!were!incubated!in!a!
MCU@18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)!for!24!hours!
at!37oC,!21%!O2,!5%!CO2.!
!
Treating!Cells!with!MTT!Reagent!
Medium!was!removed!from!the!cells!and!cells!were!washed!twice!with!PBS.!
220µl! of!working!MTT! solution!was!added! to!each!well! containing! cells.! In!
addition,!220µl!of!working!MTT!solution!was!added!to!9!cell@free!wells!to!act!
as! cell@free!negative! controls.!MTT! treated! cells!were! incubated! in! a!MCU@
18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)!for!3!hours!at!37oC,!
21%!O2,!5%!CO2.!
!
Dissolving!Formazan!Crystals!
Plates!were!centrifuged!for!1!minute!at!1,000!rpm.!195µl!of!MTT!reagent!was!
removed!from!each!well!and!100µl!of!formazan!solvent!was!added!to!each!
well.!The!plates!were! incubated!for!45!minutes! in!a!MCU@18AC@PE!Incusafe!
CO2!Incubator!(Panasonic,!Leicester,!UK!at!37oC,!21%!O2,!5%!CO2.!
!
!
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!
Reading!Absorbance!
Wells!were!pipetted! to!ensure! formazan!crystals!were!uniformly!dissolved.!
Bubbles!in!wells!can!affect!absorbance!and!were!removed!before!plates!were!
read.!Plates!were!read!at!570nm!absorbance!using!a!!Synergy!2!Multi@Mode!
Reader!(Bio@Tek,!Swindon,!UK)!!
!
!
Data!Analysis!
Nine!replicate!samples!from!one!experiment!were!used!for!each!data!point.!
Data! is! expressed! as! mean! +/@! standard! deviation.! Differences! between!
experimental!groups!were!evaluated!using!unpaired!T@tests!assuming!unequal!
variance.!A!p!value!of!<0.05!was!deemed!to!be!significant.!Viability!readings!
are!normalised!to!their!respective!untreated!cell!controls.!
!
2.3.4!!!ILR10!Serial!ELISAs!
Preparation!of!Materials!
The!Human!IL@10!Mini!ELISA!Development!Kit!was!utilised!for!this!experiment.!
Reagents! were! centrifuged! before! being! reconstituted! in! distilled! water.!
!
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Capture! antibody! was! reconstituted! to! a! concentration! of! 100µg/ml,!
detection!antibody!to!a!concentration!of!100µg/ml!and!human!IL@10!standard!
to!a!concentration!of!1µg/ml.!Reagents!were!aliquotted!and!stored!at!@30oC!
until!required!for!experimentation.!Avidin@HRP!conjugate!was!aliquotted!into!
two!9µL!vials!prior!to!storage!in!a!Bosch!Clasixx!(Bosch,!Liverpool,!UK)!@30oC!
freezer.!
!
Wash!buffer!consisted!of!0.05%!tween!in!PBS.!Block!buffer!consisted!of!1%!
BSA! in! PBS.! Diluent! consisted! of! 0.05%! tween! and! 0.1%! BSA! in! PBS.! Block!
buffer!and!diluent!were!sterile!filtered!and!stored!at!4oC!prior!to!use.!!
!
Plate!Preparation!
Capture!antibody!was!diluted!to!a!concentration!of!1µg/ml!in!PBS.!100µL!of!
diluted! capture! antibody!was! added! to! each! ELISA! plate!well.! Three! ELISA!
plates!were!prepared!(Plate1@Plate3).!The!plates!were!sealed!and!incubated!
for!24!hours!at!room!temperature.!!
!
!
!
!
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Serial!ELISA!Protocol!
A! stepwise! protocol!was! designed! to! allow! all! three! ELISA! plates! to! run! in!
tandem.!This!is!detailed!below:!
!
Step!1:!After!24!hours’!incubation!with!capture!antibody,!the!wells!of!Plate!1!
were!aspirated!and!washed!four!times!using!300µL!of!wash!buffer!per!well.!
After!the!final!wash,!the!plate!was!blotted!dry!using!a!paper!towel.!300µL!of!
block!buffer!was!added!to!each!well!and!the!plates!were!sealed!and!left!to!
incubate!for!1!hour.!
!
Step!2:!Serial!dilutions!of!standard!were!made!from!5ng/ml!to!0ng/ml.!100µL!
of!each!concentration!of!standard!was!added!to!each!well! in!the!first!ELISA!
plate! in! duplicate.! 100µL!of!MSC@CM!was! added! to! eight! of! the!wells.! The!
plates!were!sealed!and!left!to!incubate!at!room!temperature!for!two!hours.!
!
Step!3:!An!hour!after!completion!of!Step!2,!Plate!2!was!washed!four!times!
with!wash!buffer.!After!the!final!wash,!the!plate!was!blotted!dry!using!a!paper!
towel.!300µL!of!block!buffer!was!added!to!each!well!and!the!plate!was!left!to!
incubate!for!1!hour.!!
!
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Step!4:!An!hour!after!completion!of!Step!3,!The!wells!of!Plate!2!were!aspirated!
and!washed!four!times!with!wash!buffer.!A!new!batch!of!serial!dilutions!of!
standard!was!made!from!5ng/ml!to!0ng/ml.!100µL!of!each!concentration!of!
standard!was!added!to!each!well!in!the!second!ELISA!plate!in!duplicate.!At!this!
stage,!the!wells!of!Plate!1!were!aspirated!and!MSC@CM!was!transferred!from!
Plate!1!to!Plate!2.!Plate!2!was!sealed!and!left!to!incubate!for!2!hours.!Plate!1!
was!washed!four!times!with!wash!buffer.!Detection!antibody!was!diluted!to!a!
concentration!of!0.5µg/ml!and!100µL!was!added! to!each!well.!Plate!1!was!
sealed!and!incubated!at!room!temperature!for!2!hours.!
!
Step!5:!An!hour!after!completion!of!Step!4,!Plate!3!was!aspirated!and!washed!
four!times!with!wash!buffer.!After!the!final!wash,!the!plate!was!blotted!dry!
using!a!paper!towel.!300µL!of!block!buffer!was!added!to!each!well!and!the!
plate!was!left!to!incubate!for!1!hour.!!
!
Step!6:!An!hour!after!completion!of!Step!5,!The!wells!of!Plate!3!were!aspirated!
and!washed!four!times!with!wash!buffer.!A!new!batch!of!serial!dilutions!of!
standard!was!made!from!5ng/ml!to!0ng/ml.!100µL!of!each!concentration!of!
!
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standard!was!added!to!each!well!in!the!second!ELISA!plate!in!duplicate.!At!this!
stage!the!wells!of!Plate!2!were!aspirated!and!MSC@CM!was!transferred!from!
Plate!2!to!Plate!3.!Plate!3!was!sealed!and!left!to!incubate!for!2!hours.!Plate!2!
was!washed!four!times!with!wash!buffer.!Detection!antibody!was!diluted!to!a!
concentration!of!0.5µg/ml!and!100µL!was!added! to!each!well.!Plate!2!was!
sealed!and!incubated!at!room!temperature!for!2!hours.!Plate!1!was!washed!
four!times.!Avidin!was!diluted!in!diluent!(1:2,000).!100µL!of!diluted!Avidin!was!
added! to! each! well.! Plate! 1! was! sealed! and! left! to! incubate! at! room!
temperature!for!30!minutes.!
!
Step! 7:! 30!minutes! after! completion! of! Step! 6,! Plate! 1!was! aspirated! and!
washed!four!times!with!wash!buffer.!100µL!of!ABTS!substrate!was!added!to!
each! well.! Plate! 1! was! read! in! a! Synergy! 2! Multi@Mode! Reader! (Bio@Tek,!
Swindon,!UK)!(absorbance!405nm)!at!15!minute!intervals!for!1!hour.!
!
Step!8:!90!minutes!after!completion!of!Step!6,!Plate!3!was!washed!four!times!
with! wash! buffer.! Detection! antibody! was! diluted! to! a! concentration! of!
0.5µg/ml!and!100µL!was!added!to!each!well.!Plate!3!was!sealed!and!incubated!
at!room!temperature!for!2!hours.!Plate!2!was!washed!four!times!Avidin!was!
!
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diluted!in!diluent!(1:2,000).!100µL!of!diluted!Avidin!was!added!to!each!well.!
Plate!1!was!sealed!and!left!to!incubate!at!room!temperature!for!30!minutes.!
!
Step! 9:! 30!minutes! after! completion! of! Step! 8,! Plate! 2!was! aspirated! and!
washed!four!times!with!wash!buffer.!100µL!of!ABTS!substrate!was!added!to!
each! well.! Plate! 2! was! read! in! a! Synergy! 2! Multi@Mode! Reader! (Bio@Tek,!
Swindon,!UK)!(absorbance!405nm)!at!15!minute!intervals!for!1!hour.!
!
Step!10:!90!minutes!after!completion!of!Step!8,!Plate!3!was!washed!four!times.!
Avidin!was!diluted!in!diluent!(1:2,000).!100µL!of!diluted!Avidin!was!added!to!
each!well.!Plate!1!was!sealed!and!left!to!incubate!at!room!temperature!for!30!
minutes.!
!
Step!11:!30!minutes!after!completion!of!Step!10,!Plate!3!was!aspirated!and!
washed!four!times!with!wash!buffer.!100µL!of!ABTS!substrate!was!added!to!
each! well.! Plate! 3! was! read! in! a! Synergy! 2! Multi@Mode! Reader! (Bio@Tek,!
Swindon,!UK)!(absorbance!405nm)!at!15!minute!intervals!for!1!hour.!
!
!
!
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Data!Analysis!
Concentrations!of!cytokines!in!each!well!were!determined!by!comparing!raw!
absorbance! data! to! standard! curves! of! IL@10! of! known! concentration.! The!
standard!curves!used!are!depicted!in!Figure!2.3.!
!
Figure$2.3$:$Standard$curves$for$Plate$1$(T1),$Plate$2$(T2)$and$Plate$3$(T3).$Graphs$show$absorbance$
over$IL@10$concentration.&
!
Eight!replicate!samples!from!one!experiment!were!used!for!each!data!point.!
Data! is! expressed! as! mean! +/@! standard! deviation.! Differences! in!
concentrations! of! IL@10!between! transfers!were! evaluated!using! two@tailed!
unpaired!T@tests!assuming!unequal!variance.!A!p!value!of!<0.05!was!deemed!
!
Chapter!2:!Materials!and!Methods!
!
!
!
116!
to!be!significant.!A!linear!trend!line!was!fitted!to!the!graph!to!determine!the!
gradient!of!depletion!of!IL@10.!
!
2.3.5!RNA!Extraction!
Cells!were!trypsinised!and!resuspended!in!medium!as!detailed!in!Section!2.2.5!
and! the!cells!were!counted!as!detailed! in!Section!2.2.6.!100,000!cells!were!
seeded!into!three!wells! in!a!24!well!plate!and!the!cells!were!incubated!in!a!!!
MCU@18AC@PE!Incusafe!CO2!Incubator!(Panasonic,!Leicester,!UK)for!24!hours!
at!37oC!with!5%!CO2!and!21%!O2.!!
!
The!RNeasy!Mini!Kit!was!utilised!for!RNA!extraction.!Medium!from!the!wells!
was! aspirated! and! the! cells!were!washed!with! PBS.! PBS!was! removed! and!
700µL! of! lysis! buffer! added! to! the!wells.! The! cells!were! left! to! lyse! for! 10!
minutes.! Complete! lysis! of! the! cells!was! visualised!using! a!Olympus!CKX41!
(Olympus,! Tokyo,! Japan)! light!microscope.! 300μL! of! ethanol!was! added! to!
each!well!and!mixed!well.!!700μL!of!lysate!was!added!to!extraction!tubes!with!
a!filter!membrane!and!centrifuged!at!11.0g!for!15!seconds.!The!Eppendorf®!
Minispin®!microcentrifuge!(Eppendorf,!Stevenage,!UK)!was!used!throughout!
RNA! extraction.! The! filtrate!was! discarded.! This!was! repeated! until! all! the!
!
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lysate!had!been!processed.!700μL!of!RW1!buffer!was!added!to!the!extraction!
tube! and! centrifuged! at! 11.0g! for! 15! seconds.! The! filtrate! was! discarded.!
500μL!of!RPE!buffer!was!added!to!the!extraction!tube!and!it!was!centrifuged!
at!11.0g!for!15!seconds.!The!filtrate!was!discarded.!500μL!of!RPE!buffer!was!
added!to!the!tube!again!and!centrifuged!at!11.0g!for!2!minutes.!The!filtrate!
was!discarded.!The!membrane!in!the!extraction!tube!was!transferred!to!a!new!
sterile!extraction! tube! for!membrane!drying!and!centrifuged!at!11.0g! for!1!
minute.!The!filtrate!was!discarded.!!The!membrane!was!transferred!to!a!new!
sterile! cap! vial.! 30μL! RNase@free! water! was! added! and! the! cap! vial! was!
centrifuged!at!11.0g!for!1!minute.!The!sample!within!the!cap!vial!was!kept!for!
analysis! of! RNA! content! and! stored! in! a!MDF@U5386S@PE! PRO!ULT!Upright!
Freezer!(Panasonic,!Leicester,!UK)!set!at!@80oC.!
!
2.3.6!RNA!Analysis!
The!concentration!of!RNA!within!the!sample!was!analysed!using!a!Nanodrop!
2000!Spectrophometer!(Thermo!Scientific,!Windsford,!UK).!The!machine!was!
calibrated!using!1μL!of!RNase@free!water.! 1μL!of! sample!was! subsequently!
added!and!read!to!obtain!the!RNA!concentration!in!the!sample.!
!
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!
For!electrophoresis,!an!RNA!concentration!of!25ng/μL!was!used.!The!following!
formula!was!used!to!calculate!the!dilution!factor:!
N1V1&=&N2V2&
V1=&(25&x&25)/N1&
(where!N1!is!the!sample!concentration,!V1!is!the!required!volume!of!the!
sample,!N2!is!the!desired!concentration!(i.e.!25ng/μL)!and!V2!the!desired!
volume!(i.e.!25!μL))!
!
The!volume!obtained! (V1)!was!made!up! to!25μL!using!Rnase@free!water! to!
obtain!the!desired!RNA!concentration!of!25ng/μL.!
!
2.3.7!!!Reverse!Transcriptase!Polymerase!Chain!Reaction!(RTRPCR)!
Reverse! transcriptase! polymerase! chain! reaction!was! carried! out! using! the!
SuperScriptTM!III!One@Step!RT@PCR!System!with!Platinum®!Taq$High!Fidelity!Kit!
(Invitrogen).!
!
!
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Sterile!techniques!were!used!throughout!the!experiment.!RNaseZAP!(Thermo!
Fisher! Scientific)! was! used! to! clean! the! workbench! to! avoid! RNA!
contamination.!Pipettes!and!cap!vials!were!sterilised!under!ultraviolet!light!for!
two!minutes!before!use!in!the!experiment.!
!
The!kit!was!thawed!and!reagents!kept!cold!on!ice!during!the!experiment.!A!
master!mix!was!prepared! consisting!of! 6.25µL!of! 2x! reaction!mix,! 4.5µL!of!
RNase@free!water,!0.25µL!of!Taq!(enzyme)!and!0.25µL!of!desired!forward!and!
reverse! primer! for! each! sample.! 1µL! of! RNA! from! the! desired! cell! type!
(25ng/µL)!was!added!to!samples!as!detailed!in!Figure!2.4.!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !
!
Figure$2.4$:$RT@PCR$micro@ampule$setup:$1$@$13$IL10RA$primer$mix$+$1$RNA;$2$@$13$IL10RA$primer$mix$
(negative$control);$3$@$13$IL10RB$primer$mix$+$1$RNA;$4$@$13$IL10RB$primer$mix$(negative$control);$5$
@$GAPDH$primer$mix$+$1$BRIN@bd11$RN;$6$@$GAPDH$primer$mix$(negative$control).$(Image$adapted$
from$Thermo$Fisher$Scientific,$2017)$(230)$
!
Chapter!2:!Materials!and!Methods!
!
!
!
120!
$
Primer!mixes!without!the!addition!of!RNA!were!used!as!negative!controls!to!
determine!whether!any!RNA!contamination!had!affected!the!results.!Bands!
appearing!after!electrophoresis!of!these!negative!controls!would!indicate!RNA!
contamination.!
!
GAPDH!is!an!enzyme!expressed! in!all!cell! types,!and!was!used!as!a!positive!
control!in!the!experiments.!It!acts!as!a!standard!that!should!work!regardless!
of!the!IL@10!receptor!expression!profile!of!the!cells.!!A!negative!IL@10!receptor!
result! with! a! positive! GAPDH! result! indicates! lack! of! expression! of! IL@10!
receptors.! However,! if! the! GAPDH! result! is! also! faulty,! issues! with! the!
experiment!or!RNA!samples!are!likely.!
!
After! addition! of! RNA! the! microamp! tubes! were! sealed! and! placed! in! a!
Stratagene!MX3005P!thermocycler!set!to!the!specifications!detailed!in!Table!
2.1.!
!
!
!
!
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Step! Temperature!(ᴼC)! Time!
Number!of!
cycles!
Conversion!to!cDNA! 50! 30!mins! 1!
Initial!denaturation! 94! 2!mins! 1!
Denaturation! 94! 15!sec! !
40!
!
Primer!annealing! 55! 30!sec!
Primer!extension! 68! 1!min!
Final!extension! 15!  ! "!
!
Table!2.1!:!Settings!used!for!RT7PCR!thermocycler.!
!
2.3.8!Primer!Design!
New!IL10RA!and!IL10RB!primers!were!designed!using!the!NCBI!gene!database.!
The!target!gene!and!desired!gene!template!were!located!in!the!database.!The!
NCBI!reference!sequence!for!the!target!gene’s!mRNA!was!found!and!the!NCBI!
primer!design!tool!was!used!to!design!primers!specific! to! the!target!mRNA!
sequence.!The!forward!and!reverse!primer!sequences!were!obtained!for!the!
desired!base!pair!length!of!the!RT"PCR!product.!!
!
Custom!DNA!oligos!were!ordered!from!Thermo!Fisher!Scientific.!Primers!used!
for!RT"PCR!in!individual!experiments!are!detailed!in!Chapter!5.!
!
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2.3.9!Electrophoresis!
Preparing!the!Gel!Mould!
A!gel!mould!was!prepared!by!taping!the!edges!well!to!ensure!a!good!seal!to!
avoid!leakage!of!the!agarose!solution!before!it!had!set.!A!20!well!comb!was!
used!to!form!wells!in!the!agarose!gel.!
!
!
Preparation!of!Agarose!Gel!
A!solution!of!2%!TAE!and!2%!agarose!gel!powder!!in!200ml!of!distilled!water!
was!prepared.!The!solution!was!heated!in!the!microwave!until!all!the!agarose!
powder!had!dissolved!and!a!clear!agarose!solution!had!been!obtained.!5µL!of!
ethidium!bromide!was!added!to!the!agarose!solution!in!a!fume!cupboard,!as!
ethidium!bromide!is!a!carcinogen.!The!solution!was!mixed!well!and!poured!
gently!into!the!prepared!gel!mould!to!avoid!generating!bubbles!in!the!gel.!The!
gel!was!left!to!set!for!40!minutes!before!it!was!ready!for!use.!!
!
!
!
!
!
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Loading!the!Gel!
Once!the!gel!had!set,!the!tape!and!comb!were!removed!and!the!gel!was!placed!
in!the!electrophoresis!buffer.!On!completion!of!RT"PCR,!4µL!of!Blue!Juice!gel!
loading!buffer!(10x)!(Invitrogen)!was!added!to!each!microamp!tube!and!mixed!
well.!10µL!of!the!mixture!from!each!microamp!tube!was!subsequently!added!
to!its!respective!well!in!the!agarose!gel.!For!determination!of!base!pair!length!
of!the!PCR!product,!10µL!of!direct!load!wide!range!DNA!marker!(Sigma,!UK)!
was!added!to!two!wells!in!each!experiment!for!comparison.!
!
The!gel!electrophoresis!machine!was!manually!set!to!run!at!100!volts!for!one!
hour.!Upon!completion,!the!gel!was!removed!from!the!mould!and!imaged!in!
an! ultraviolet! transilluminator! using! Syngene! gel! documenting! system!
(Cambridge,!UK).!
!
!
!
!
!
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2.3.10!IL;10!Receptor!Immunofluorescence!
Conjugated!primary!antibodies!were!ordered!from!Bioss!Antibodies!for!use!in!
the!electrophoresis!experiments.!The!antibodies!used!are!detailed! in!Table!
2.2.!
Product! Catalogue!
number!
conjugate! Host! Target!
Protein!
Isotype! Excitation/Emission!
IL10RB!
Polyclonal!
Antibody!
bs"2602R"
FITC!
FITC! Rabbit! IL10RB! IgG! 494nm/518nm!
IL10RA!
Polyclonal!
antibody!
bs"2459R"
A555!
Alexa!
Flour!555!
Rabbit! IL10RA! IgG! 553nm/568nm!
Rabbit!IgG!
isotype!
control!
bs"0295P"
FITC!
FITC! Rabbit!
!
"!
!
IgG! 494nm/518nm!
Rabbit!IgG!
isotype!
control!
bs"0209P"
A555!
Alexa!
Flour!555!
Rabbit! "! IgG! 553nm/568nm!
!
Table!2.2!:!Antibodies!used!in!the!immunofluorescence!experiments!
!
Immunofluorescence!Controls!
In! this! experiment! isotype! controls! were! used! to! confirm! whether!
fluorescence! is! due! to! specific! binding! of! antibodies.! Isotype! controls! are!
antibodies!that!are!not!specific!to!any!proteins!in!the!tissue!sample,!thus!any!
staining!seen!with!these!antibodies!would!be!the!result!of!non"specific!binding!
!
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of! the! antibodies! to! the! sample! (background! staining).(231)! Apart! from!
differences! in!specificity! to!the!antigen!of! interest,! the! isotype!controls!are!
otherwise! identical! to! their! respective! antigen"specific! antibodies(231)! as!
detailed!in!Table!2.2.!This!allows!comparison!between!the!stains!to!be!made.!!
!
In! addition! to! this,! autofluorescence!of! cells! could! result! in! false! positives.!
Autofluorescence! is! the!natural! emission!of! light! from!biological! structures!
such! as! mitochondria! and! lysosomes! when! they! absorb! light! from! the!
fluorescence!microscope.(232)!To!determine!if!autofluorescence!is!affecting!the!
results,!negative!controls!using!only!DAPI!nuclear!staining!without!fluorescent!
tagged!antibodies!were!used!for!comparison.!!
!
!
Preparing!Cells!
Cells!were! trypsonised! and! re"suspended! in!medium!as! detailed! in! Section!
2.2.5.!The!cells!were!counted!as!detailed!in!Section!2.2.6.!!50,000!cells!were!
seeded!per!well! in!a!96!well!plate.!Two!wells!were!seeded!for!staining!with!
the!IL10RB!polyclonal!antibodies,! IL10RA!polyclonal!antibodies,!FITC!isotype!
control,!Alexa!Fluor®!isotype!control!and!DAPI!control!respectively.!The!cells!
!
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were! incubated! overnight! in! a! MCU"18AC"PE! Incusafe! CO2! Incubator!
(Panasonic,!Leicester,!UK)!at!37oC!with!5%!CO2!and!21%!O2.!
!
!
Fixation!
Medium!was!removed!from!cells!and!cells!were!washed!twice!with!PBS.!200µL!
of!4%!paraformaldehyde!was!added!to!each!well!and!allowed!to!incubate!for!
15!minutes!at!room!temperature.!The!wells!were!subsequently!washed!twice!
with!PBS.!!
!
Blocking!
200µL!of!2%!BSA!was!added!to!each!well!and!the!plate!was!sealed!and!allowed!
to!incubate!for!1!hour.!BSA!binds!to!non"specific!epitopes!and!reduces!non"
specific!staining!of!the!sample.! In!theory,!BSA!should!compete!equally!with!
antibodies! for!binding! to!epitopes! to!which! the!antibodies!are!not!specific.!
However,! antibodies! should! preferentially! bind! to! epitopes! to! which! the!
antigen!binding!site!is!specific,!thus!non"specific!antibody!binding!is!reduced.!
!
!
!
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Staining!!
Antibodies!were!diluted!in!PBS!to!a!ratio!of!1:67!antibodies!to!PBS.!100µL!of!
diluted!antibody!was!added!to!each!well!and!cells!were!incubated!in!the!dark!
at!4oC!overnight.!Exposure!to!light!was!minimised!during!staining!due!to!the!
potential!for!photobleaching!of!the!stain.!
!
Counterstaining!
Antibody! solution! was! removed! and! cells! were! washed! twice! with! 0.05%!
tween!in!PBS!(5!minute!washes)!to!remove!any!residual!stain.!100µL!of!1:1,000!
DAPI!solution!was!added!to!each!well!for!counterstaining!of!the!nuclei!and!left!
for!10!minutes.!DAPI!solution!was!removed!and!cells!were!washed!three!times!
with!0.05%!tween!in!PBS!(5!minutes!washes)!to!remove!any!residual!stain.!PBS!
was!added!to!each!well!and!cells!were!viewed!under!a!Eclipse!Ti"S!(Nikon®,!
Miyagi,!Japan)!fluorescence!microscope.!!
!
!
Image!Capture!and!Data!Analysis!
Image!capture!was!performed!using!an!eclipse!Ti"S!(Nikon®,!Miyagi,!Japan)!
immunofluorescence! microscope! and! NIS! Elements! 3.2! image! capture!
!
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software! (Nikon®,! Miyagi,! Japan).! Images! were! captured! at! 20X! and! 40X!
magnification.!!The!TRITC!filter!on!the!microscope!was!used!for!detection!of!
staining! with! IL10RA! polyclonal! antibody! (A555! conjugate)! and! rabbit! IgG!
isotype! control! (A555! conjugate).! The! FITC! filter!was! used! for! detection!of!
staining! with! IL10RB! polyclonal! antibody! (FITC! conjugate)! and! rabbit! IgG!
isotype!control! (FITC!conjugate).! ! The!DAPI! filter!was!used! for!detection!of!
DAPI!nuclear!stain.!
!
Acquisition! parameters! between! isotype! controls! and! their! corresponding!
antigen"specific! antibodies! were! kept! consistent! to! allow! for! effective!
comparison! between! fluorescence! of! the! isotype! controls! and! the! positive!
stains.! ! IL10RA!polyclonal!antibody!(A555!conjugate)!and!rabbit! IgG! isotype!
control! (A555!conjugate)!were!captured!with!1!second!exposure!and!4.00X!
gain.! Images!for! IL10RB!polyclonal!antibody!(FITC!conjugate)!and!rabbit! IgG!
isotype!control!(FITC!conjugate)!were!captured!with!3!second!exposure!and!
2X!gain.!DAPI!stain!was!consistently!captured!with!exposure!set!at!0.1!seconds!
with!2X!gain.!These!were!determined!to!be!the!optimum!parameters!to!obtain!
acceptable!images!in!the!positive!samples!without!saturation!of!pixels!in!the!
image!(Figure!2.5).!
!
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!
!
Figure! 2.5! :! Depiction! demonstrating! optimal! exposure! for! immunofluorescence! imaging.!
Acquisition!parameters!should!be!optimised!for!each!stain!to!ensure!images!are!not!underexposed!
as!seen!with!an!exposure!time!of!60ms!or!overexposed!as!depicted!with!an!exposure!time!of!160ms!
where!saturation!of!pixels!can!be!seen.!(Image!adapted!!from!!Thermo!Fisher!Scientific,!2017)!(233)!
!
For!a!qualitative!comparison!of!the!images!of!the!positive!stain!to!the!isotype!
control,!The!LUTS!settings!of!the!isotype!were!adjusted!to!the!threshold!where!
staining!is!no!longer!visible.!These!settings!were!subsequently!applied!to!the!
corresponding! images! of! the! antigen"specific! antibodies! to! allow! for! a!
comparison!between!the!two!stains.!This!process!subtracts!the!stain!seen!in!
the!isotype!control!from!that!of!the!antigen"specific!antibody.!Thus!any!visible!
stain!in!the!positive!results!after!adjustments!are!made!should!in!theory!be!
that!of!staining!specific!to!the!antigen!of!interest.!!
!
!
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To!quantitatively!measure(c)!the!difference!between!the!positive!stain!and!the!
isotype! control,! ImageJ! image! analysis! software! was! used! to! quantify! the!
intensity! of! staining! in! the! images.! Quantitative! measurements! are! only!
necessary!if!a!comparison!between!levels!of!protein!expression!between!cells!
is!needed.!This!could!be!to!test!changes!in!protein!expression!after!cells!are!
exposed! to!different!experimental! conditions!or! treatments.!Characterising!
the!presence!of!a!protein!like!the!IL"10!receptor!in!the!case!of!this!experiment!
only! requires! a! qualitative! analysis.! However,! providing! additional!
quantitative!data!demonstrating!the!difference!in!isotype!control!and!positive!
staining!does!improve!the!robustness!of!the!results.!!
Images! of! fields! taken! at! both! x20! and! x40! magnifications! were! used! for!
comparison.!Multiple!intensity!readings!from!at!least!4!areas!of!measurement!
taken!at! random! from!each! field!were!used! for!each!data!point.! To!obtain!
intensity! data! specific! to! antibody! staining,! background! intensity! readings!
were!subtracted!from!intensity!readings!of!stained!cells!in!the!image.!Values!
are! expressed! as!mean!+/"! standard!deviation.! Two"tailed!unpaired! T"tests!
assuming!unequal! variance!were!used! to!determine! the! significance!of! the!
difference! between! the! positive! images! and! their! corresponding! isotype!
controls.!Significance!was!determined!as!p<0.05.!
!
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2.4! In!Vivo!Methodologies!
Animal! experiments! described! in! this! section! were! conducted! as! a!
collaboration! with! Dr! Catriona! Kelly! in! Ulster! University.! All! in! vivo!
experiments!were!conducted!at!the!Biomedical!Sciences!Research!Institute!at!
Ulster!University.!Islet!histology!was!sent!to!the!Guy!Hilton!Research!Center,!
Stoke!on!Trent,!UK!for!analysis.!
!
Ethical!statement:!All!in!vivo!experiments!were!performed!according!to!The!
Principles!of!Laboratory!Animal!Care!(NIH!publication!no.!86"23,!revised!1985)!
and!UK!Home!Office!Regulations!(UK!Animals!Scientific!Procedures!Act!1986).!
The!experiments!were! approved!by!Ulster!University!Animal! Ethics!Review!
Committee.!All!necessary!steps!were!taken!to!avoid!animal!suffering!during!
the! experiment.! The! in! vivo! experiments! were! conducted! under! project!
licence!PPL!2804"!Hormonal!and!metabolic!studies.!!
!
!
!
!
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2.4.1!Animal!Husbandry!
Induction!of!Mouse!T1D!Model!
Male!C57BL/6!mice!were!used!for!all!experiments,!which!commenced!when!
the!animals!were!12!weeks!old.!C57BL/6!mice!were!used!for!the!purposes!of!
the! experiment! as! they! have! been! described! as! relatively! sensitive! to! the!
induction!of!diabetes!via!STZ.(234)!The!gender!of!mice!was!also!considered!in!
the!method.!Female!mice!are!known!to!be!more!resistant!to!the!effects!of!
STZ,!potentially!due!to!the!protective!effect!of!oestrogen!on!the!pancreatic!
beta!cells.(234)!Administration!of!STZ!to!male!mice!tends!to!result! in!a!more!
consistent!and!rapid!onset!of!a!diabetic!state.(234)!Therefore,!for!consistency,!
only!male!mice!were!used!in!this!experiment.!Mice!were!housed!individually!
in! an! IVC"ventilated! housing! system! in! an! aseptic! animal! room! at! a!
temperature!of!~20oC"25oC!with!humidity!at!~40"70%!with!a!12:12!hour!light!
dark!cycle!and!unrestricted!access!to!water!and!standard!laboratory!feed!
!
Mice! were! randomised! into! three! groups:! Group! 1:! 8! untreated! controls;!
Group!2:!8!!STZ"induced!diabetic!mice;!Group!3:!!8!STZ"induced!diabetic!mice!
treated!with!MSC"CM.!To!induce!diabetes,!a!low!dose!STZ!regimen!was!used.!
!
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50mg/kg/day!of!STZ!in!0.1M!sodium!citrate!buffer!(pH!4.5)!was!administered!
via!intraperitoneal!(i.p.)!injections!over!a!period!of!five!days.!STZ!is!taken!up!
by!GLUT2!membrane!transporters!in!beta!cells!and!alkylates!DNA!within!cells,!
resulting!in!the!activation!of!intrinsic!mechanisms!of!apoptosis!and!depletion!
of! beta! cell! mass.(235)A! multiple! low! dose! method! of! administration! (e.g.!
50mg/kg/day!over!five!days)!has!been!described!to!result!in!a!TH1"mediated!
autoimmune!response!and!subsequent!depletion!of!the!beta!cell!mass.(236,237)!
This!is!thought!to!be!the!result!of!the!induction!of!glutamic!acid!decarboxylase!
(GAD)!antigens.!GAD!is!subsequently!presented!to!immune!cells,!precipitating!
autoimmunity.(236,237)!As!this!mimics!the!autoimmune!destruction!implicated!
in!the!pathogenesis!of!type!1!diabetes,!it!makes!the!low!dose!method!ideal!
for!the!purposes!of!this!experiment.!!
!
Monitoring!of!Mice!
Blood!glucose!concentrations!were!checked!via! tail!prick!after!10!days!and!
diabetes!was! accepted! as! a! random! blood! glucose! of! >15mmol/L.!Mice! in!
Group!3!received!300µL!MSC"CM!i.p.!once!weekly!commencing!5!days!after!
streptozocin!treatment.!MSC"CM!was!produced!as!detailed!in!Section!2.2.10.!
300µL!MSC"CM!was!subsequently!administered!weekly!until!the!animals!were!
!
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culled.!Animals!were!maintained!for!3!months!and!monitored!for!weight!loss!
twice!weekly.!GLUT2!is!also!expressed!in!high!levels!by!the!liver!and!kidneys;!
indeed,!the!side!effects!of!STZ!include!hepatotoxicity!and!nephrotoxicity.(236)!
In! addition! to! acute! organ! toxicity,! STZ! treatment! in! mice! results! in!
complications! including! weight! loss,! life! threatening! hypoglycaemia! and!
respiratory!distress.(237)!Any!animal!that!was!poorly!or!lost!>10%!of!its!body!
weight!was!euthanized!using!Schedule!1!methods.!!
!
Processing!of!Mice!
After! 3! months! mice! were! euthanized! via! cervical! dislocation.! Mice! were!
terminally! bled! via! cardiac! puncture! and! serum! used! for! insulin! ELISAs! as!
detailed!in!Section!2.4.2.!DEXA!scans!were!performed!on!mice!using!the!Lunar!
PIXImus! Densitometer! (GE! Medical! Systems,! Slough,! UK)! ! as! described! in!
Section!2.4.3.!The!pancreata!of! the!mice!were! removed!and! the! tail!of! the!
pancreas! was! fixed! in! 4%! paraformaldehyde! in! phosphate! buffered! saline!
(PBS)! for! subsequent! histological! analysis! (Section! 2.4.4).! The! head! of! the!
pancreas! was! wrapped! in! tin! foil! and! flash! frozen! in! liquid! nitrogen! for!
subsequent!protein!extraction.!!
!
!
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2.4.2!Insulin!ELISA!
To!determine!insulin!concentrations!in!terminal!plasma!samples!from!mice,!
the!ALPCO!ultrasensitive!ELISA!was!used.!!
!
Preparation!of!Reagents!
To! prepare! a! working! conjugate! solution,! conjugate! stock! solution! was!
dissolved! in! conjugate!buffer! in! a! 1:10! ratio.! To!prepare!wash!buffer! (21x)!
stock!buffer!solution!was!dissolved!in!distilled!water!in!a!1:20!ratio.!!
!
ELISA!Protocol!
5µL! of! samples! and! 5µL! of! standards!were! added! to! the! provided! insulin"!
coated!96!well!plate.!75µL!of!working!conjugate!solution!was!added!to!each!
well.!The!plate!was!sealed!and!incubated!at!room!temperature!for!2!hours!on!
a!plate!shaker!(600!rpm).!The!plate!was!subsequently!washed!6!times!with!
350µL!of!wash!buffer! per!well.! The!plate!was!blotted!on!a!paper! towel! to!
remove! excess! wash! buffer! between! washing! steps.! 100µL! of! TMB!
(tetramethyl!benzidine)!substrate!was!added!to!each!well!and!the!plate!was!
sealed!and!incubated!for!30!minutes!at!room!temperature!on!a!plate!shaker!
!
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(600! rpm).! 100µL! of! stop! solution! was! added! to! each! well! and! the! plate!
returned!briefly!to!the!plate!shaker!to!ensure!thorough!mixing!of!the!contents.!
Absorbance!was!read!with!!a!Synergy!2!Multi"Mode!Reader!(Bio"Tek,!Swindon,!
UK)!at!a!wavelength!of!450nm.!!
!
Data!Analysis!
Concentrations! of! insulin! were! determined! by! comparing! raw! absorbance!
data!to!standard!curves!of!known!insulin!concentration.!The!standard!curve!
used!is!shown!in!Figure!2.6.!
!
!
Figure!2.6!:!Standard!curve!for!insulin!ELISA!assay.!Figure!shows!absorbance!over!insulin.!Standards!
were!prepared!for!0,!0.15,!0.4,!1,!3!and!5.5ng/ml.!!
!
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Data! from!each!group!consists!of!8!plasma!samples,!one! from!each!animal!
respectively.!Data!is!expressed!as!mean!+/"!standard!deviation.!Differences!in!
concentrations!of!insulin!between!groups!of!mice!were!evaluated!using!two"
tailed!unpaired! T"tests! assuming!unequal! variance.!A! p! value!of! <0.05!was!
deemed!to!be!significant.!
!
2.4.3!DEXA!Scans!
DEXA! scans! were! performed! on! culled! mice! using! a! LUNAR! PIXImus!
densitometer!(GE!Medical!Systems,!Slough,!UK).!This!allowed!determination!
of!body!composition!(lean!and!fat!mass)!as!well!as!bone!mineral!content.!Body!
fat!content,!lean!mass!and!body!weight!were!compared!between!non"diabetic!
mice,! diabetic! mice! treated! with! MSC"CM! and! non"treated! diabetic! mice.!
Figure!2.7!depicts!a!sample!of!results!obtained.!
!
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!
Figure!2.7!:!Sample!of!DEXA!scan!results!obtained!using!the!LUNAR!PIXImus!densitometer.!
!
Data!analysis!
Data! for! each! group! consists! of! 8! measurements,! one! from! each! animal!
respectively.!Data! is!expressed!as!mean!+/"!standard!deviation.!Differences!
between! experimental! groups! were! evaluated! using! unpaired! T"tests!
assuming!unequal!variance.!A!p!value!of!<0.05!was!deemed!to!be!significant.!!
!
!
!
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2.4.4!Pancreata!Histology!
Tissue!Preparation!
Pancreatic!tissue!was!excised!immediately!after!mice!were!culled.!The!tail!of!
the!pancreas!was!collected!from!each!animal!for!further!analysis.!Tissue!was!
fixed!immediately!in!4%!PFA!in!phosphate"buffered!saline!(PBS)!for!48!hours!
at! 4oC.! As! water! present! in! tissue! is! hydrophobic! tissue! needs! to! be!
dehydrated!before!wax!embedding.!Pancreata!were!processed!using!a!!a!Leica!
TP1020!(Leica!Microsystems,!Nussloch,!Germany)!automated!tissue!processor!
Dehydration! of! samples! was! performed! with! increasing! concentrations! of!
ethanol!solution!(50%,!70%,!80%,!95%,!100%).!Tissue!was!incubated!at!each!
concentration! for! 10! minutes! (with! a! final! 30"minute! incubation! in! 100%!
ethanol).!Clearing!was!performed!with! incubation!in!xylene!(two!20"minute!
and!one!45"minute!wash).!!
!
Embedding!and!Preparation!of!Slides!!
Pancreata!were!infiltrated!with!wax!using!a!Leica!TP1020!(Leica!Microsystems,!
Nussloch,! Germany)automated! tissue! processor! (Leica! TP120)! and!
subsequently!embedded!in!paraffin!wax.!Tissue!blocks!were!sectioned!to!8µm!
!
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thickness! using! a! ShandonTM! FinesseTM! 325! microtome! (Thermo! Scientific,!
Hemel! Hempsted,! UK)! and! mounted! directly! on! to! poly"L"lysine! coated!
microscope!slides!for!imaging.!!
!
Imaging!
Histology!Images!were!taken!using!an!EVOSTM!Core!imaging!system!(Thermo!
Scientific,!Windsford,!UK).! Scale! bars!were!manually! calibrated! using! stage!
rulers.!!
!
Data!analysis!
Islet! areas! were! measured! on! ImageJ! image! processing! software.! Areas!
obtained!were!converted! from!pixels! to!µm2.!!At! least!15! islets! taken! from!
multiple!pancreatic!sections!were!used!for!each!data!point.!Data!for!islet!size!
is! expressed! as! mean! +/"! standard! deviation.! Differences! between!
experimental!groups!were!evaluated!using!unpaired!T"tests!assuming!unequal!
variance.!A!p!value!of!<0.05!was!deemed!to!be!significant.!!
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3.1! Introduction!
As(described(in(Chapter(1,(MSCs(present(an(attractive(option(in(regenerative(
medicine.(Previous(studies(have(shown(that(MSCs(are(capable(of(modulating(
and(shifting(the(immune(response(away(from(a(TH1(to(a(TH2(response(through(
production(of(soluble(factors.( (65,74)(MSCs(are(also(capable(of( inducing(T5cell(
anergy( through( direct( cell5to5cell( contact,( as( they( lack( the( co5stimulatory(
molecules(required(for(the(activation(of(autoreactive(T5cells.(50,74)(
(
In(addition( to( the( immunoregulatory(effects,( it( could(be(proposed(that( the(
MSC5CM(may(directly(confer(cytoprotection(to(beta(cells(from(inflammatory(
factors( implicated( in( the( pathogenesis( of( type( 1( diabetes.( In( the( diseased(
state,(immune(cells(are(known(to(secrete(factors,(namely(TNFα,(IFNγ(and(IL1β,(
in( the( pro5inflammatory( environment.(117,( 207)( These( factors( are( capable( of(
inducing(apoptosis(of(beta(cells(through(mechanisms(such(as(INO(induction(
and( ER( stress( as( described( in( Chapter( 1.(1185123,140)( The( MSC5CM( has( been(
shown( through( proteomic( studies( to( contain( a( number( of( cytoprotective(
factors( including( VEGF,( IL510,( IL54,( PIGF( and( HGF( to( name( a( few.(63)( This(
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indicates(that( it( is(plausible(that(the(MSC5CM(could(help(maintain(beta(cell(
mass(through(the(inhibition(of(these(apoptotic(mechanisms.(
(
Previous(studies(by(Yeung(et#al.#investigated(the(effect(of(co5culturing(MSCs(
with( islet( cells( from( pancreatic( islets.( They( treated( islet( cells( with( an(
inflammatory( cytokine( cocktail( of( TNFα,( IFNγ( and( IL51β( and( demonstrated(
apoptosis(through(TUNEL(assays.(238)(TUNEL(assays(are(a(method(of(detecting(
DNA( fragmentation( by( immunolabelling( the( 3’5hydroxyl( termini( in( double5
strand(DNA(breaks(that(occur(during(apoptosis.(239)(They(demonstrated(that(
the(number(of(apoptotic(cells(were(reduced(in(the(presence(of(MSCs.(238)(This(
experiment(cultured(MSCs(together(in(the(same(compartment,(allowing(MSCs(
to(interact(by(direct(cellular(contact(as(well(as(paracrine(factors.(Other(studies(
demonstrated( improved( islet( function( and( survival( when( MSCs( were( co5
cultured(in(separate(compartments,(indicating(soluble(factors(contributed(to(
the(benefits(conferred.(240)(
(
(
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To( test( the( hypothesis( that(MSCs( could( directly( prevent( pro5inflammatory(
cytokine(driven(falls(in(cellular(viability(of(beta(cells(through(paracrine(actions,(
MTT(assays(were(used(in(the(experiments(presented(in(this(chapter.(The(MTT(
viability(assay(measures(mitochondrial(metabolism(of(cells(and(can(reflect(the(
number(of(viable(cells(present.(The(objectives(of(this(chapter(are:(
(
•! Culture( human( bone( marrow( derived( MSCs,( characterise( the( cells(
through( trilineage( differentiation( and( collect( conditioned( media(
derived(from(these(MSCs.(
•! Determine(the(effect(of(pro5inflammatory(cytokines((TNFα,( IL51β(and(
IFNγ)(on(the(mitochondrial(metabolism(of(beta(cell(lines(in#vitro#using(
MTT(assays.(
•! Determine(if(MSC5CM(is(able(to(ameliorate(pro5inflammatory(cytokine(
driven(falls(in(mitochondrial(metabolism(of(beta(cell(lines(in#vitro(using(
MTT(assays.(
(
The(following(experiment(should(shed(some(light(on(whether(the(MSC5CM(as(
a( whole( confers( direct( cytoprotection( to( cells( in( the( presence( of( pro5
inflammatory(cytokines(implicated(in(the(pathogenesis(of(type(1(diabetes.(
!
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3.2! Trilineage!Differentiation!of!MSCs!
3.2.1!Methods!
Materials(
Materials(used(in(this(procedure(are(detailed(in(Section(2.1.(
!
MSC(Culture(Methods(
!
MSCs(were(recovered(and(expanded(as(detailed(in(Section(2.2.7.(Isolation(and(
culture(of(MSCs( is(detailed( in(Section(2.2.8.(Passaging(of(cells( is(detailed( in(
Section(2.2.5.(Cells(were(trypsonised(and(suspended(in(medium(as(detailed(in(
Section(2.2.5.(Cell(counts(were(performed(as(detailed(in(Section(2.2.6.(
(
Trilineage(differentiation(
Details(of(preparation(of(differentiation(media,(preparation(of(stains,(seeding(
cells,(fixing(cells(and(staining(cells(can(be(found(in(Section(2.3.1(
(
( !
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3.2.2!Results!
3.2.2.1! Adipogenic!Differentiation!of!MSCs!
Adipogenic( differentiation( can( be( seen( by( accumulation( of( lipid( vacuoles(
within(cells.(Lipid(vacuoles(accumulated(over(the(three(weeks(of(exposure(to(
adipogenic( differentiation( medium( and( eventually( filled( the( cells.( Lipid(
vacuoles(can(be(visualized(via(Oil(Red(O(staining(as(depicted(in(Figure(3.1.(
(
3.2.2.2! Osteogenic!Differentiation!of!MSCs!
Osteogenic(differentiation(medium(induced(changes(in(morphology(including(
the( development( of( cellular( projections( after( a( few( days( of( exposure( to(
osteogenic(medium.(After( three(weeks,( the( extracellular(matrix( stained( an(
intense( red( with( Alizarin( Red( staining( as( depicted( in( Figure( 3.2,( indicating(
mineralisation( of( the( extracellular( matrix( associated( with( osteogenesis( of(
MSCs.(
( (
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(
((
Figure#3.1#:#Oil#Red#O#staining#of#adipogenic#differentiation#of#MSCs.#A#>#10x#magnification#of#positive#
results#and#control#(scale#bar#=#400µm);#B#>#20x#magnification#of#positive#results#and#control#(scale#
bar# =# 200µm);# C# ># 40x#magnification# of# positive# results# and# control# (scale# bar# =# 100µm).# Lipid#
vacuoles#can#be#seen#filling#the#cells#and#stained#an#intense#red.#Negative#control#shows#absence#of#
lipid#vacuoles#and#staining.#
!
( !
(
Positive( Control(
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(
(
Figure#3.2#:# #Alizarin#Red#staining#of#osteogenic#differentiation#of#MSCs.#A#>#10x#magnification#of#
positive#results#and#control#(scale#bar#=#400µm);#B#>#20x#magnification#of#positive#results#and#control#
(scale#bar#=#200µm);#C#>#40x#magnification#of#positive#results#and#control#(scale#bar#=#100µm).#
Extracellular#matrix#stains#red#indicating#mineralisation#of#the#extracellular#matrix#associated#with#
osteogenesis.#Negative#controls#do#not#exhibit#ECM#mineralisation.#
#
( !
Positive( Control(
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3.2.2.3! Chondrogenic!Differentiation!of!MSCs!
Chondrogenic( differentiation( medium( resulted( in( the( deposition( of(
proteoglycans(that(exhibited(mild(staining(with(Alcain(Blue(with(some(changes(
in( morphology/lacunae( development( (Figure( 3.3).( However,( cellular(
aggregates( with( intense( blue( staining( expected( with( chondrogenic(
differentiation( of( MSCs( were( not( observed.( A( longer( incubation( time( in(
chondrogenic(medium(might(have(been(required.(Micromass(clearly(showed(
greater(staining(for(proteoglycans(compered(to(control((Figure(3.4).(
( (
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(
!
Figure# 3.3# :# # Alcain#Blue# staining#of# chondrogenic# differentiation# for#monolayer# of# cells.# A# ># 10x#
magnification#of#positive#results#and#control#(scalebar#=#400µm);#B#>#20x#magnification#of#positive#
results#and#control#(scale#bar#=#200µm);#C#>#40x#magnification#of#positive#results#and#control#(scale#
bar#=#100µm).#Some#morphological#changes#can#be#seen#compared#to#the#control#with#mild#blue#
staining#of#proteoglycans.#
( #
Positive( Control(
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!
!
Figure# 3.4# :# # Alcain# Blue# staining# of# chondrogenic# differentiation# for# micromass.# A# ># 10x#
magnification#of#positive#results#and#control#(scale#bar#=#400µm);#B#>#20x#magnification#of#positive#
results#and#control#(scale#bar#=#200µm);#C#>#40x#magnification#of#positive#results#and#control#(scale#
bar#=#100µm).#
( #
Positive( Control(
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3.3! MTT!Assay!
3.3.1!MTT!Assay!Optimisation!Experiment!
The( quantity( of( signal( generated( depends( on( several( factors( including( the(
length( of( incubation( in(MTT,( the( concentration( of(MTT( and( the(metabolic(
activity( of( the( cells.( These( parameters( should( be( considered( to( ensure(
sufficient(product(is(generated(to(be(detected(above(background.(
(
MTT(assays(on(BRIN5bd11(cells(were(conducted(to(determine(the(relationship(
between(MTT(incubation(time(and(absorbance(readings.(This(allows(for(the(
optimal(period(of( incubation(in(MTT(solution(at(a(set(concentration(of(MTT(
working( solution( (0.05mg/ml)( and( cell( density( (80%( confluence)( to( be(
determined.(These(experiments(were(also(used(to(determine(whether(there(
is( any( significant( difference( in( viability( readings( between( BRIN5bd11( cells(
treated(with(MSC5CM(and(BRIN5bd11(cells(treated(with(non5conditioned(RPMI(
medium.(
(
!
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3.3.1.1! Methods!
Materials(
Materials(used(for(this(experiment(are(detailed(in(Section(2.1.(
(
Cell(Lines(Utilised(
BRIN5bd11(cells(were(utilised(in(this(experiment.(Details(of(the(cell(line(used(
can(be(found(in(Section(2.2.2.((
(
Cell(Culture(Methods(
Cells(were(obtained( from( liquid(nitrogen(dewars( located( at( the(Guy(Hilton(
Research(Center,(Stoke5on5Trent,(UK,(and(thawed(as(detailed(in(Section(2.2.4.(
Cells(were(trypsonised(and(suspended(in(medium(as(detailed(in(Section(2.2.5.(
Cell(counts(were(performed(as(detailed(in(Section(2.2.6.(
(
! !
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MTT(Assay(Optimisation((
Details(of(the(preparation(of(reagents,(MTT(procedure(and(data(analysis(used(
in(the(experiment(can(be(found(in(Section(2.3.3.(
(
3.3.1.2! Results!
3.3.1.2.1! Relationship!Between!Absorbance!and!MTT!Incubation!Time!
The( relationship( between( absorbance( and( incubation( time( in(MTT( reagent(
was( determined( to( be( exponential( in( nature( (Figure( 3.5).( Data( analysis( is(
described(in(Section(2.3.2.(All(incubation(times(in(MTT(resulted(in(absorbance(
readings( significantly( above( the(negative( control( for( a( cell( density(of( ~80%(
confluence( and( 0.05mg/ml( concentration( of(MTT( working( solution( (Figure(
3.5).(
(
As(the(absorbance(reading(appears(to(saturate(just(after(3(hours(of(incubation(
in(MTT.(Thus,(3(hours(was(standardised(as(the(incubation(time(that(would(be(
used(for(further(experimentation.(
(
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(
Figure# 3.5# :# Graphs# depicting# the# relationship# between# absorbance# and# incubation# time# in#MTT#
reagent#for#cells#incubated#in#different#media#for#24#hours.#Data#presented#as#mean#+/>#standard#
deviation#for#absorbance#read#at#570nm.#All#data#comparted#to#their#respective#negative#(0#hour)#
control.#A#>#BRIN>bd11#cells#exposed#to#RPMI#(with#serum);#B#>#BRIN>bd11#cells#exposed#to#MSC>CM#
(with# serum);# C# ># BRIN>bd11# cells# exposed# to# RPMI;# D# ># BRIN>bd11# cells# exposed# to# MSC>CM.#
***p<0.001#
#
3.3.1.2.2!! Effect! of! MSCFCM! on! BRINFbd11! Cell! Viability! (1h! MTT!
incubation)!
To( determine( the( effect( of( MSC5CM( on( the( viability( of( BRIN5bd11( cells,(
viabilities(of(cells(cultured(in(MSC5CM(and(RPMI(for(24(hours(were(compared.(
For(cells(exposed(to(MTT(reagent(for(1(hour,(cells(cultured(in(MSC5CM+serum(
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showed(+12.1%((p<0.05)(greater(viability(reading(compared(to(cells(cultured(
in(RPMI+serum((MSC5CM+serum(1.0±"0.0352(nA570,(RPMI+serum(1.12+0.138(
nA570)( (Figure( 3.6).( Viability( readings(were( +6.1%( (p<0.1)( greater( for( BRIN5
bd11( cells( treated( with( MSC5CM( compared( to( cells( treated( with( RPMI,(
however(the(difference(was(not(significant(at(the(5%(threshold((p<0.1)((MSC5
CM(1.0(±"0.0809(OD(nA570,(RPMI(1.061"±"0.111(nA570)((Figure(3.6).(
(
Figure#3.6#:#Effect#of#MSC>CM#on#the#viability#of#BRIN>bd11#cells.#Following#24#hours’#incubation#of#
BRIN>bd11#cells#in#MSC>CM#and#RPMI#media,#viability#was#compared#using#MTT#assays#with#1#hour#
incubation#in#MTT#reagent.#Viabilities#were#tested#both#with#and#without#addition#of#serum#to#the#
media.#Values# for#cells# treated#with#conditioned#media#have#been#normalised#to# their# respective#
non>conditioned#media#controls#for#comparison.#Data#presented#as#mean#+/>#standard#deviation#for#
normalised#absorbance#read#at#570nm.#*p<0.05#
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3.3.1.2.3!! Effect! of! MSCFCM! on! BRINFbd11! Cell! Viability! (2h! MTT!
incubation)!
To(determine(the(effect(of(MSC5CM(on(the(viability(of(BRIN5bd11(cells,(viability(
of(cells(cultured(in(MSC5CM(and(RPMI(for(24(hours(were(compared.(For(cells(
exposed(to(MTT(reagent( for(2(hours,(a(similar(picture(was(observed.(BRIN5
bd11( cells( cultured( in( MSC5CM+serum( displayed( +14.3%( (p<0.01)( greater(
viability( compared( to( RPMI+serum( (MSC5CM+serum( 1.0 "±" 0.0920( nA570,(
RPMI+serum(1.143"±"0.109( nA570)( (Figure( 3.7).( Viability( readings(were( also(
greater( (+12.6%;( p<0.01)( for( cells( exposed( to(MSC5CM( compared( to( RPMI(
medium( without( the( addition( of( FBS( (MSC5CM( 1.0 "±"0.0435( nA570,( RPMI(
1.126"±"0.0587(nA570)((Figure(3.7).!
!
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(
Figure#3.7#:#Effect#of#MSC>CM#on#the#viability#of#BRIN>bd11#cells.#Following#24#hours’#incubation#of#
BRIN>bd11#cells#in#MSC>CM#and#RPMI#media,#viability#was#compared#using#MTT#assays#with#2#hours’#
incubation#in#MTT#reagent.#Viabilities#were#tested#both#with#and#without#addition#of#serum#to#the#
media.#Values# for#cells# treated#with#conditioned#media#have#been#normalised#to# their# respective#
non>conditioned#media#controls#for#comparison.#Data#presented#mean#+/>#standard#deviation#for#
normalised#absorbance#measured#at#570nm.##**p<0.01#
( !
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3.3.1.2.4!! Effect! of! MSCFCM! on! BRINFbd11! Cell! Viability! (3h! MTT!
incubation)!
To(determine(the(effect(of(MSC5CM(on(the(viability(of(BRIN5bd11(cells,(viability(
of( cells( cultured( in(MSC5CM( and( RPMI( for( 24( hours(were( compared.( Cells(
exposed(to(MTT(reagent(for(3(hours(showed(+21.1%((p<0.01)(greater(viability(
readings( for( cells( cultured( in( MSC5CM+serum( compared( to( RPMI+serum(
(MSC5CM+serum(1.0"±"0.191(nA570,(RPMI+serum(1.211+0.0975(nA570)((Figure(
3.8).(Viability(readings(were(also(greater((+5.0%;(p<0.05)(for(cells(treated(with(
MSC5CM( compared( with( RPMI( (MSC5CM( 1.0 "±" 0.0526( nA570,( RPMI(
1.05"±"0.0612(nA570)((Figure(3.8).(
(
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(
Figure#3.8#:#Effect#of#MSC>CM#on#the#viability#of#BRIN>bd11#cells.#Following#24#hours’#incubation#of#
BRIN>bd11#cells#in#MSC>CM#and#RPMI#media,#viability#was#compared#using#MTT#assays#with#3#hours’#
incubation#in#MTT#reagent.#Viabilities#were#tested#both#with#and#without#addition#of#serum#to#the#
media.#Values# for#cells# treated#with#conditioned#media#have#been#normalised#to# their# respective#
non>conditioned#media#controls#for#comparison.#Data#presented#mean#+/>#standard#deviation#for#
normalised#absorbance#measured#at#570nm#**p<0.01,#*p<0.05#
(
( !
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3.3.2!Determining!Effects!of!ProFInflammatory!Cytokines!on!Beta!
Cells!in!Vitro!
Several( pro5inflammatory( cytokines( have( previously( been( shown( to( be(
implicated(in(the(pathogenesis(of(type(1(diabetes(including(TNFα,(IFNγ(and(IL5
1β.(Exposure(of(beta(cells(to(these(cytokines(has(been(shown(to(result(in(beta(
cell(dysfunction(and(cellular(apoptosis(as(described(in(Chapter(1.(To(test(this(
hypothesis( in( vitro,( we( planned( to( expose( BRIN5bd11( cells( to( increasing(
concentrations(of(these(cytokines(individually(as(well(as(a(cytomix(of(all(three(
to(determine(the(effects(on(cellular(viability.(Concentrations(of(cytokines(that(
resulted( in( the(greatest( fall( in(viability(determined( from(these(experiments(
were(determined(to(be(optimal(for(use(in(further(experiments(
(
We( theorise( that( the( MSC5CM( has( cytoprotective( properties( that( could(
counteract(the(cytotoxic(effects(of(these(pro5inflammatory(cytokines.(BRIN5
bd11(cells(were(also(cultured(with(MSC5CM(in(the(presence(of(these(cytokines(
individually(as(well(as(a(cytomix(of(all(three(cytokines(at(the(predetermined(
optimal(concentrations.((This(allowed(us(to(determine(whether(treating(cells(
with(MSC5CM(can(ameliorate(the(falls(in(viabilities(associated(with(exposure(
to(these(pro5inflammatory(cytokines.(
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3.3.2.1!Methods!
Materials(
Materials(used(for(the(experiment(are(detailed(in(Section(2.1.(
(
Cell(Lines(Utilised(
BRIN5bd11(and(TC6(cells(were(utilised(in(this(experiment.(Details(of(the(cell(
line(used(can(be(found(in(Section(2.2.2.((
(
Cell(Culture(Methods(
Cells(were(obtained( from( liquid(nitrogen(dewers( located(at( the(Guy(Hilton(
Research(Center,(Stoke5on5Trent,(UK,(and(thawed(as(detailed(in(Section(2.2.4.(
Cells(were(trypsonised(and(suspended(in(medium(as(detailed(in(Section(2.2.5.(
Cell(counts(were(performed(as(detailed(in(Section(2.2.6.(
(
MSC(Culture(Methods(
MSCs(were(recovered(and(expanded(as(detailed(in(Section(2.2.7.(Isolation(and(
culture(of(MSCs( is(detailed( in(Section(2.2.8.(Passaging(of(cells( is(detailed( in(
Section(2.2.5.((
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(
Procurement(and(Collection(of(MSC5CM(
Production(of(MSC5CM(is(detailed(in(Section(2.2.10.(
!
Cytokine5Induced(Apoptosis(MTT(Assays(
Details(of(preparation(of(reagents,(reconstitution(of(cytokines,(treatment(of(
cells( with( pro5inflammatory( cytokines,( measurement( of( viabilities( via(MTT(
calorimetric(assays(and(data(analysis(are(detailed(in(Section(2.3.3.(
(
3.3.2.2! Results!
3.3.2.2.1! Effect!of!Increasing!Concentrations!of!TNFα!on!BRINFbd11!Cells!
To(determine(the(effect(of(TNFα(on(the(viability(of(BRIN5bd11(cells,(cells(were(
treated(with(increasing(concentrations((051,000(ng/ml)(of(TNFα(for(24(hours.(
Significant(falls(in(viability(were(seen(for(concentrations(of(TNFα(of(100ng/ml(
(512.2%;( p<0.05)( compared( to( the( control( (cell( control( 1.0( (±"0.102( nA570,(
100ng/ml( TNFα( 0.878"±"0.091( nA570)( (Figure( 3.9)( as( well( as( 1,000ng/ml( (5
21.1%;( p<0.01)( compared( to( the( control( (cell( control( 1.0(±" 0.102( nA570,(
1,000ng/ml( TNFα( 0.789( ± (0.133( nA570)( (Figure( 3.9).( 1,000ng/ml( TNFα(
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achieved( greatest( falls( in( viability( and( was( therefore( used( for( subsequent(
experiments.(
(
Figure#3.9#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#TNFα#on#
the#viability#of#BRIN>bd11#cells#cultured#in#RPMI#medium#without#serum.#Viability#of#BRIN>bd11#cells#
was#determined#by#calorimetric#MTT#assays#after#24#hours’#exposure# to# rising#concentrations#of#
TNFα.# Data# normalised# to# untreated# control# and# presented# as# mean# +/># standard# deviation.#
**p<0.01,#***p<0.001#
( !
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3.3.2.2.2!! Effect!of!Increasing!Concentrations!of!IFNγ!on!BRINFbd11!Cells!
To(determine(the(effect(of(IFNγ(on(the(viability(of(BRIN5bd11(cells,(cells(were(
treated(with( increasing(concentrations((051,000ng/ml)(of( IFNγ( for(24(hours.(
Significant( falls( in( viability( were( seen( for( 10ng/ml( IFNγ( (510.6%;( p<0.05)(
compared(to(the(control((cell(control(1.0(±(0.113(nA570,(10ng/ml(IFNγ(0.894((
±0.045)( (Figure( 3.10).( Significant( falls(were( also( seen( for( 100ng/ml( IFNγ( (5
10.1%;( p<0.05)( compared( to( the( control( (cell( control( 1.0(± (0.113( nA570,(
100ng/ml(IFNγ(0.899(±"0.064)((Figure(3.10).(The(greatest(fall(in(viability(was(
achieved(with(1,000ng/ml(IFNγ((518.3%;(p<0.01)(compared(to(the(control((cell(
control(1.0+(0.113nA570,(1,000ng/ml(IFNγ((0.817"±"0.099(nA570)((Figure(3.10).(
As(a(result,(1,000ng/ml(IFNγ(was(selected(for(subsequent(experiments.(
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(
Figure#3.10#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#INFγ#on#
the#viability#of#BRIN>bd11#cells#cultured#in#RPMI#medium#without#serum.#Viability#of#BRIN>bd11#cells#
was#determined#by#calorimetric#MTT#assays#after#24#hours’#exposure# to# rising#concentrations#of#
INFγ.# Data# normalised# to# untreated# control# and# presented# as# mean# +/># standard# deviation.#
**p<0.01,#***p<0.001.#
!
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3.3.2.2.3! Effect!of!Increasing!Concentrations!of!ILF1β!on!BRINFbd11!Cells!
BRIN5bd11(cells(were(cultured(for(24(hours( in( increasing(concentrations((05
1,000ng/ml)(of(IL51β(to(determine(the(effect(of(IL51β(on(the(viability(of(BRIN5
bd11(cells.((Treatment(of(BRIN5bd11(cells(with(1,000ng/ml(resulted(in(a(11.3%(
drop(in(viability.((However,(this(was(not(significant(at(the(5%(significance(cut5
off.( (p( =( 0.075)( (Figure( 3.11).( As( 1,000ng/ml( resulted( in( the( largest( fall( in(
viability,(it(was(used(for(subsequent(experiments.(
(
Figure#3.11#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#IL>1β#
on#the#viability#of#BRIN>bd11#cells#cultured#in#RPMI#medium#without#serum.#Viability#of#BRIN>bd11#
cells#was#determined#by#calorimetric#MTT#assays#after#24#hours’#exposure#to#rising#concentrations#
of#IL>1β.#Data#normalised#to#untreated#control#and#presented#as#mean#+/>#standard#deviation.#
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3.3.2.2.4! Effect! of! Increasing! Concentrations! of! Cytomix! on! BRINFbd11!
Cells!
To(determine(the(effect(of(a(cytomix(of(all(three(cytokines,(TNFα,(IFNγ(and(IL5
1β( were(mixed( in( equal( quantities( and( applied( as( a( cytomix( in( increasing(
concentrations( (051,000ng/ml)( to( BRIN5bd11( for( 24( hours.( ( 100ng/ml( of(
cytomix(resulted(in(a(significant(fall( in(viability((59.7%;(p<0.01)(compared(to(
the( control( (cell( control( 1.0(±" 0.054,( 100ng/ml( cytomix( 0.903(± (0.075).(
(Figure(3.12).(1,000ng/ml(cytomix(resulted(in(a(greater(fall(in(viability((515.3%;(
p<0.001)(than(the(control((cell(control(1.0(±"0.054,(1,000ng/ml(cytomix(0.847(
±"0.038)( (Figure( 3.12).( As( a( result,( 1,000ng/ml( of( cytomix( was( used( for(
subsequent(experiments.(
Chapter(3:(Exploration(of(the(Effect(of(MSC5CM(on(an((
in#Vitro(Model(for(Cytokine5Induced(Reduction(of(Mitochondrial(
Metabolism(in(Beta(cells.(
(
(
(
169(
(
(
Figure#3.12#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1000ng/ml)#of#cytomix#
on#the#viability#of#BRIN>bd11#cells#cultured#in#RPMI#medium#without#serum.#Viability#of#BRIN>bd11#
cells#was#determined#by#MTT#assay#after#24#hours’#exposure#to#rising#concentrations#of#cytomix.#
Data#normalised# to#untreated#control#and#presented#as#mean#+/># standard#deviation.#**p<0.01,#
***p<0.001#
( !
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3.3.2.2.5! MSCFCM!Attenuates!CytokineFDriven!Falls! in!Viability! in!BRINF
bd11!Cells!
To(determine(the(effect(of(MSC5CM(on(the(viability(of(BRIN5bd11(cells(when(
exposed(to(pro5inflammatory(cytokines,(BRIN5bd11(cells(were(exposed(to(pro5
inflammatory(cytokines(for(24(hours(in(the(presence(and(absence(of(MSC5CM.(
MTT(viability(assays(were(used(to(determine(differences(in(viability.(Optimised(
concentrations(of(cytokines(determined(in(previous(experiments(were(used.(
(
Figure( 3.13( demonstrates( that( for( all( types( of( pro5inflammatory( cytokines,(
treatment(with(MSC5CM(resulted(in(significantly(greater(viabilities(for(BRIN5
bd11(cells(compared(to(cells(that(were(not(treated(with(MSC5CM.((
(
For(BRIN5bd11( cells( exposed( to( 1,000ng/ml( TNFα,( BRIN5bd11( cells( showed(
significantly(greater(viability((+77.3%;(p<0.001)(for(cells(treated(with(MSC5CM(
compared( to( untreated( cells( (Figure( 3.13).( For( BRIN5bd11( cells( exposed( to(
1,000ng/ml( of( cytomix,( viabilities( were( also( significantly( greater( for( cells(
treated( with( MSC5CM( (+27.4%;( p<0.01)( compared( to( cells( that( were( not(
treated(with(MSC5CM.(For( cells( treated(with(1,000ng/ml( IFNγ,( viability(was(
(+72.8%;(p<0.001)(greater(for(MSC5CM(treated(cells(compared(to(untreated(
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cells( (Figure( 3.13).( Finally,( for( cells( exposed( to( 1,000ng/ml( IL51β,( viabilities(
were((+38.2%;(p<0.01)(compared(to(cells(that(were(not(treated(with(MSC5CM(
(Figure(3.13).(
(
Figure#3.13#:#Determining#the#effect#of#MSC>CM#on#the#viability#of#BRIN>bd11#cells#exposed#to#pro>
inflammatory#cytokines.#Viability#of#BRIN>bd11#cells#was#determined#by#MTT#assay#after#24#hours’#
exposure# to# pro>inflammatory# cytokines# (TNFα,# IFNγ,# IL>1β# and# cytomix).# Data# normalised# to#
untreated#RPMI#control#and#presented#as#mean#+/>#standard#deviation.#**p<0.01,#***p<0.001#
#
#
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3.3.2.2.6! Effect!of!Increasing!Concentrations!of!TNFα!on!TC6!Cells!
To(determine(the(effect(of(TNFα(on(the(viability(of(TC6(cells,(cells(were(treated(
with(increasing(concentrations((051,000ng/ml)(of(TNFα(for(24(hours.(In(Figure(((
3.14(we(can(see(progressive(falls(in(viability(with(increasing(concentrations(of(
the( cytokine.( TC6( cells( appear( more( susceptible( to( TNFα5induced( falls( in(
viability( compared( to( BRIN5bd11( cells.( ( Significant( falls( in( viability( were(
observed(for(concentrations(of(TNFα(of(1ng/ml((516.8%;(p<0.001)(compared(
to( the( control( (cell( control( 1.0(±(0.079( nA570,( 1ng/ml( TNFα( 0.832(±(0.077(
nA570)( (Figure( 3.14).( Treatment( with( 10ng/ml( TNFα( also( resulted( in( a(
significant(fall( in(viability((512.8%;(p<0.01)(compared(to(the(cell(control((cell(
control(1.0(±(0.079(nA570,(10ng/ml(TNFα(0.872(±(0.090(nA570)( (Figure(3.14).(
100ng/ml( TNFα( resulted( in( a( significant( fall( in( viability( (518.4%;( p<0.001)(
compared(to(the(cell(control((cell(control(1.0(±(0.079(nA570,(100ng/ml(TNFα(
0.816(±(0.103(nA570)((Figure(3.14).(1,000ng/ml(TNFα(resulted(in(the(greatest(
fall(in(viability((529.8%;(p<(0.001)(compared(to(the(control((cell(control(1.0(±(
0.079(nA570,(1,000ng/ml(TNFα(0.702(±(0.093(nA570)((Figure(3.14).(As(a(result,(
1,000ng/ml(of(TNFα(was(used(for(subsequent(experiments.(
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(
Figure#3.14#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#TNFα#
on# the# viability# of# TC6# cells# cultured# in# RPMI#medium#without# serum.# Viability# of# TC6# cells#was#
determined#by#calorimetric#MTT#assays#after#24#hours’#exposure#to#rising#concentrations#of#TNFα.#
Data#normalised# to#untreated#control#and#presented#as#mean#+/># standard#deviation.#**p<0.01,#
***p<0.001#
((
3.3.2.2.7!! Effect!of!Increasing!Concentrations!of!IFNγ!on!TC6!Cells!
TC6(cells(were(cultured(with(increasing(concentrations((051,000ng/ml)(of(IFNγ(
for(24(hours(to(determine(the(effects(of(IFNγ(on(this(cell(line.(In(Figure(3.15(
we(can(observe(that( increasing(concentration(of( IFNγ( results( in(progressive(
falls(in(the(viability(of(TC6(cells.(Significant(falls(in(viability(were(seen(for(TC6(
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cells(treated(with(1ng/ml(IFNγ((512.0%;(p<0.05)(compared(to(the(cell(control(
(cell( control( 1.0(± (0.112( nA570,( 1ng/ml( IFNγ( ( 0.880(± (0.079( nA570)( (Figure(
3.15).( 10ng/ml( of( IFNγ( resulted( in( a( significant( fall( of( 513.4%( (p<0.05)(
compared( to( the( cell( control( (cell( control( 1.0(±(0.112( nA570,( 10ng/ml( IFNγ((
0.866(±(0.086(nA570)((Figure(3.15).(100ng/ml(resulted(in(a(fall(in(viability(of((5
19.9%;( p<0.001)( compared( to( the( control( (cell( control( 1.0(± (0.112( nA570,(
100ng/ml(IFNγ((0.801(±(0.078(nA570)((Figure(3.15).(1,000ng/ml(of(IFNγ(resulted(
in(the(greatest(fall(in(viability((530.0%;(p<0.001)(compared(to(the(cell(control(
(cell(control(1.0(±(0.112(nA570,(1,000ng/ml(IFNγ((0.700(±(0.117(nA570)((Figure(
3.15).( TC6( cells( appear( to( be( more( susceptible( to( IFNγ5mediated( falls( in(
viability(compared(to(BRIN5bd11(cells.(
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#
Figure#3.15#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#INFγ#on#
the# viability# of# TC6# cells# cultured# in# RPMI# medium# without# serum.# Viability# of# TC6# cells# was#
determined#by#calorimetric#MTT#assays#after#24#hours’#exposure#to#rising#concentrations#of#INFγ.#
Data# normalised# to# untreated# control# and# presented# as#mean# +/># standard# deviation.# *p<0.05,#
***p<0.001.#
#
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3.3.2.2.8! Effect!of!Increasing!Concentrations!of!ILF1β!on!TC6!Cells!
To(determine(the(effect(of(IL51β(on(the(viability(of(TC6(cells,(TC6(cells(were(
treated(with(increasing(concentrations(of(IL51β((051,000ng/ml)(for(24(hours.(
From( Figure( 3.16,( we( can( observe( that( increasing( concentrations( of( IL51β(
results(in(progressive(falls(in(the(viability(of(TC6(cells.(TC6(cells(also(appear(to(
have(a(much(greater(impact(on(the(viability(of(TC6(cells(compared(to(BRIN5
bd11(cells.(Treatment(of(TC6(cells(with(1ng/ml(of(IL51β(resulted(in(a(significant(
(518.9%;(p<0.001)(fall(in(viability(compared(to(the(cell(control((cell(control(1.0(
± (0.102( nA570,( 1ng/ml( IL51β( ( 0.811(± (0.082( nA570)( (Figure( 3.16).( 10ng/ml(
resulted( in( a( significant( decrease( (524.2%;( p<0.001)( compared( to( the( cell(
control( (cell( control( 1.0(±(0.102(nA570,( 10ng/ml( IL51β( ( 0.758(±(0.107(nA570)(
(Figure( 3.16).( 100ng/ml( resulted( in( the( greatest( fall( in( viability( (525.7%;(
p<0.001)( compared( to( the( cell( control( (cell( control( 1.0( ± (0.102( nA570,(
100ng/ml(IL51β((0.743(±(0.076(nA570)((Figure(3.16).(As(a(result,(100ng/ml(of(IL5
1β(was(used(for(subsequent(experimentation(on(TC6(cells.((
( (
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(
Figure#3.16#:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#IL>1β#
on# the# viability# of# TC6# cells# cultured# in# RPMI#medium#without# serum.# Viability# of# TC6# cells#was#
determined#by#calorimetric#MTT#assays#after#24#hours’#exposure#to#rising#concentrations#of#IL>1β.#
Data#normalised# to#untreated#control#and#presented#as#mean#+/># standard#deviation.#**p<0.01,#
***p<0.001.#
#
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3.3.2.2.9! Effect!of!Increasing!Concentrations!of!Cytomix!on!TC6!Cells!
To(determine(the(effect(of(a(cytomix(of(TNFα,(IFNγ(and(IL51β(on(the(viability(
of( TC6( cells,( TC6( cells( were( incubated( with( increasing( concentrations( (05
1,000ng/ml)( mixture( of( all( three( cytokines( for( 24( hours.( Figure( 3.17(
demonstrates(that(the(cytomix(was(very(effective(at(reducing(TC6(cell(viability(
with(progressively(greater(falls( in(viability(with( increasing(concentrations(of(
the(cytomix.( Incubation(with(1ng/ml(of(cytomix(was(sufficient(to(result( in(a(
significant(fall(in(viability((528.0%;(p<0.001)(compared(to(the(cell(control((cell(
control(1.0(±(0.117(nA570,(1ng/ml(cytomix(0.720(±(0.091(nA570)((Figure(3.17).(
10ng(of(cytomix(resulted(in(a(significant(fall( (524.6%;(p<0.001)(compared(to(
the(cell(control((cell(control(1.0(±(0.117(nA570,(10ng/ml(cytomix(0.754(±(0.092(
nA570)((Figure(3.17).(100ng/ml(again(resulted(in(a(significant(fall(in(viability((5
26.5%;(p<0.001)(compared(to(the(cell(control((cell(control(1.0(±(0.117(nA570,(
100ng/ml(cytomix(0.735(±(0.054(nA570)( (Figure(3.17).(Finally,(1,000ng/ml(of(
cytomix(resulted(in(the(greatest(fall(in(viability((539.7%;(p<0.001)(compared(to(
the(cell(control( (cell(control(1.0(±(0.117(nA570,(1,000ng/ml(cytomix(0.603(±(
0.121(nA570)( (Figure(3.17).(As(a( result,( 1,000ng/ml(of( cytomix(was(used( for(
subsequent(experimentation.((
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#
Figure#3.17##:#Effect#of#24#hours’#exposure#to#rising#concentrations#(0.1ng/ml>1,000ng/ml)#of#cytomix#
on# the# viability# of# TC6# cells# cultured# in# RPMI#medium#without# serum.# Viability# of# TC6# cells#was#
determined#by#calorimetric#MTT#assays#after#24#hours’#exposure#to#rising#concentrations#of#cytomix.#
Data#normalised#to#untreated#control#and#presented#as#mean#+/>#standard#deviation.#***p<0.001.#
#
#
#
(
#
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3.3.2.2.10! MSCFCM! Attenuates! CytokineFDriven! Falls! in! Viability! in! TC6!
Cells!
To(determine(the(effect(of(MSC5CM(on(the(viability(of(TC6(cells(when(exposed(
to(pro5inflammatory(cytokines,(TC6(cells(were(exposed(to(pro5inflammatory(
cytokines(for(24(hours(in(the(presence(and(absence(of(MSC5CM.(MTT(viability(
assays( were( used( to( determine( differences( in( viability.( Optimised(
concentrations(of(cytokines(determined(in(previous(experiments(were(used.(
(
Figure( 3.18( demonstrates( that( for( all( types( of( pro5inflammatory( cytokines,(
treatment(with(MSC5CM(resulted(in(significantly(greater(viabilities(for(BRIN5
bd11(cells(compared(to(cells(that(were(not(treated(with(MSC5CM.((
(
For( TC6( cells( exposed( to( 1,000ng/ml( TNFα,( TC6( cells( showed( significantly(
greater(viability((+12.3%;(p<0.05)(for(cells(treated(with(MSC5CM(compared(to(
untreated(cells((Figure(3.18).(For(TC6(cells(exposed(to(1,000ng/ml(of(cytomix,(
viabilities( were( also( significantly( greater( for( cells( treated( with( MSC5CM(
(+29.8%;(p<0.05)(compared(to(cells(that(were(not(treated(with(MSC5CM.(For(
cells(treated(with(1,000ng/ml(IFNγ,(viability(was((+42.6%;(p<0.001)(greater(for(
MSC5CM(treated(cells(compared(to(untreated(cells((Figure(3.18).(Finally,(for(
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cells(exposed(to(100ng/ml(IL51β,(viabilities(were((+25.7%;(p<0.001)(compared(
to(cells(that(were(not(treated(with(MSC5CM((Figure(3.18).(
(
Figure# 3.18:# Determining# the# effect# of# MSC>CM# on# the# viability# of# TC6# cells# exposed# to# pro>
inflammatory#cytokines.#Viability#of#TC6#cells#was#determined#by#MTT#assay#after#24#hours’#exposure#
to#pro>inflammatory#cytokines#(TNFα,#IFNγ,#IL>1β#and#cytomix).#Data#normalised#to#untreated#RPMI#
control#and#presented#as#mean#+/>#standard#deviation.#*p<0.05,#*p<0.01,#***p<0.001.#
#
#
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3.4! Discussion!
Previous( studies( have( shown( that( beta( cell( death( in( the( context( of( type( 1(
diabetes(may(be(mediated(by(both(direct(cell5to5cell(contact(between(immune(
cells(and(pancreatic(beta(cells,(as(well(as(the(generation(of(pro5inflammatory(
cytokines(in(the(microenvironment(of(the(pancreas.(These(cytokines,(TNFα,(IL5
1β(and(IFNγ,(induce(beta(cell(dysfunction(and(cell(death,(eventually(resulting(
in(clinically(overt(diabetes.(118,207)((
(
Mesenchymal(stem(cells(have(been(shown(to(protect(several(cell(types(from(
diabetes5induced(apoptosis(through(paracrine(actions.(In(an(in(vivo(model(of(
diabetic(cardiomyopathy,(MSCs(have(been(shown(to(protect(cardiac(myocytes(
from(apoptosis(via(an(Akt5dependent(anti5apoptotic(signalling(cascade.(241)(In(
another(study,(MSCs(protected(podocytes(from(apoptosis(in(an(in(vitro(model(
of(diabetic(nephropathy.(242)(Our(study(aimed(to(determine(whether(the(MSC5
CM(is(capable(of(preserving(cellular(viability(when(cells(are(treated(with(pro5
inflammatory( cytokines.( This( was( determined( by( measurements( of(
mitochondrial(metabolisms(of(cells(by(MTT(assays.(
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(
The( findings( presented( in( this( chapter( confirmed( that( cellular( viability(
progressively(decreases(with( increasing(concentrations(of(pro5inflammatory(
cytokines(in(the(BRIN5bd11(and(TC6(beta(cell(lines.(It(has(also(demonstrated(
that(MSC5CM(appears(to(attenuate(this(fall(in(viability(in(both(BRIN5bd11(and(
TC6(cells,(indicating(that(the(MSC(secretome(could(contain(factors(that(inhibit(
cytokine5induced(falls(in(viability.(However,(it(is(important(to(note(that(due(to(
limitations( in( the(experimental(method,( the(data(presented( in( this( chapter(
needs(to(be(interpreted(with(caution.(The(MTT(assay(does(not(determine(the(
mechanisms(of(cell(death,((and(only(looks(at(mitochondrial(metabolism(which(
can( be( used( to( quantify( metabolically( active( cells( remaining( in( the( wells.(
Ideally(further(experiments(should(be(performed(to(confirm(that(apoptosis(via(
pro5inflammatory( cytokines( is( indeed( attenuated( by( the( MSC5conditioned(
medium.((
(
In(addition( to( these( findings,(we(have(also(observed(consistently( increased(
viability( readings( of( BRIN5bd11( cells( treated( for( 24( hours( in( MSC5CM(
compared(to(cells(that(are(not(treated(with(MSC5CM(in(the(absence(of(pro5
inflammatory( cytokines( were( observed.( The( MSC5CM( has( previously( been(
Chapter(3:(Exploration(of(the(Effect(of(MSC5CM(on(an((
in#Vitro(Model(for(Cytokine5Induced(Reduction(of(Mitochondrial(
Metabolism(in(Beta(cells.(
(
(
(
184(
(
shown( to(contain( trophic( factors,( including(VEGF,(HGF(and( IGF.(63)( Thus(we(
could(hypothesise( that( in( addition( to( inhibiting( apoptotic(mechanisms,( the(
MSC5CM(may(indeed(promote(cellular(growth(and(division(of(beta(cells.(This(
could(be(another(mechanism(to(account(for(the(increased(islet(size(of(MSC5
CM5treated( mice( in( previous( murine( models( of( diabetes.( Previous( studies(
have( shown( the( capabilities( of( the( MSC( secretome( in( promoting( the(
proliferation(of(a(number(of(cell(types.(A(study(by((Gao(et#al.(demonstrated(
proliferation( of( beta( cells( in( MSC5CM5treated( mice( in( a( STZ( model( of(
diabetes.(243)(They(confirmed(that(MSC5CM(could(upregulate(the(expression(of(
pERK( and( pAKT( in( this( model.( Subsequent( blockage( of( the( pAKT( pathway(
ameliorated( the( proliferative( effect( observed,( indicating( that( the( pathway(
plays(a(crucial(role(in(beta(cell(proliferation.(243)(
(
An( in# vitro( study( conducted( by( Y( Zhou(et# al.( demonstrated( that( umbilical5
derived(MSCs((uMSCs)(secreted(factors(that(improved(the(viability(of(isolated(
rat( islets(separated( from(the(uMSCs(via(a( trans5well(plate.(240)(MTS(viability(
assays( were( used( to( measure( changes( in( viability( in( this( experiment.(
Furthermore,( in( a( subsequent,( streptozocin5induced( murine( model( of(
diabetes,(uMSCs(were(shown(to(migrate(to(the(pancreas(and(express(IGF51,(
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HGF( and( PDGFA.( These( factors(were( shown( to( activate( the( Pi3K( and( pERK(
pathways( in( the( pancreatic( beta( cells.( Further( analysis( of( cell5cycle( genes,(
including(cyclin(D1,(cyclin(D2,(p21(and(p27,(showed(doubling(of(cyclin(D2(but(
no(significant(changes(in(other(cell(cycle(genes.(240)(Thus(the(conclusion(was(
drawn(that(the(anti5apoptotic(activities(of(uMSCs(played(the(predominant(role(
in(the(improved(islet(size(seen(in(this(experiment.(
(
The(MSC5CM(has(been(shown(to(increase(the(rate(of(proliferation(of(other(cell(
types.( A( study( by( Li( et# al.( demonstrated( that( MSC5CM( reversed( the(
downregulation( of( MEK( 1/2( and( ERK( 1/2( phosphorylation( via( LPS( in(
keratinocytes( in( a( model( of( diabetic( wound( healing.(244)( Senescent( MSCs(
release(factors(that(promote(proliferation(and(migration(of(cancer(cells.(245,246)(
Indeed,(cancer(is(widely(recognised(to(be(a(disease(caused(by(gain(of(function(
mutations(of(proto5oncogenes(that(drive(the(cell(cycle( forward,(and( loss(of(
functions(of(tumour(suppressor(genes(that(prevent(apoptosis(of(dysfunctional(
cells.(247)(The(tumorigenicity(of(stem(cell(products(is(one(of(the(limitations(and(
a(potential(drawback(that(needs(to(be(overcome(before(these(therapies(could(
be(considered(safe(for(clinical(use.(
(
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In( the( context( of( the( results( presented( in( this( chapter,( the( potential(
proliferative( effect( of( MSC5CM( on( beta( cells( presents( an( unexpected( and(
exciting( additional( factor.( These( results( could( point( toward( the( MSC5CM(
having(a(direct(trophic(effect(on(beta(cells(in(addition(to(attenuating(cytokine5
induced( apoptosis.( However,( the( MTT( assay( does( not( strictly( measure(
proliferation(or(viability,(but(rather(is(a(measure(of(the(metabolic(activity(of(
the(cells,(which(may(not(directly(mirror(the(number(of(cells(in(culture.(Should(
the(MSC5CM(increase(the(metabolic(rate(of(cells,(this(could(have(resulted(in(
misleading(results.(Thus,(although(these(results(are(interesting,(they(need(to(
be(substantiated(with(further(experimentation.(
!
In( this( chapter,( we( aimed( to( test( the( theory( that( MSC5CM( improves( the(
viability(as(measured(by(mitochondrial(metabolism(of(beta(cells(in(vitro(when(
exposed(to(pro5inflammatory(cytokines(implicated(in(the(pathogenesis(of(type(
1(diabetes.(The(results(appear(to(suggest(that(this(is(the(case;(however,(the(
components(of(the(secretome(that(confer(these(benefits(and(the(mechanisms(
by(which(they(do(so(remain(to(be(elucidated,(and(further(research(is(required(
to(answer(the(many(questions(raised.(
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4.1! Introduction!
Chapter(3(explored(the(effect(of(the(MSC5CM(on(an(in(vitro(model(of(cytokine5
mediated(beta(cell(apoptosis,(a(key(element(of(the(pathophysiology(of(type(1(
diabetes.(We(demonstrated(that(that(the(MSC5CM(could(improve(viabilities(of(
beta( cell( lines( via( calorimetric( MTT( assays.( In( this( chapter,( we( aim( to(
determine(whether(the(beneficial(effects(of(the(MSC5CM(can(be(extended(to(
and(demonstrated(in(an(in(vivo(model(of(diabetes.(
!
The(MSC5conditioned(medium(has(been(shown(in(previous(in(vivo(studies(to(
promote( the( repair( of( islets( from( diabetic( mice( in( vivo( through( paracrine(
actions.(These(studies(showed(homing(of(the(MSCs(to(the(damaged(pancreas(
and(subsequent(improvements(in(beta(cell(mass(and(insulin(secretion(in(mice(
treated(with(systemic(MSCs.(238,240)(As(alluded(to(in(Chapter(3,(the(observed(
effects(could(be(due(to(a(number(of(factors.(These(could(include(attenuation(
of( immune( response( through( actions( of( the( MSC5CM( on( immune( cells,(
provision( of( trophic( support( to( beta( cells( through( factors( like( VEGF( that(
promotes( angiogenesis( to( damaged( islets,( as( well( as( the( potential(
transdifferentiation(of(MSCs( to( insulin5secreting( cells( as(proposed(by( ( Li(et#
al.(50.56,57,,65,74)(((
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The(experiments( in(his(Chapter(were(conducted( to(determine(whether( the(
MSC(secretome(contained( in( the(MSC5CM( is(able( to(ameliorate( the(Type51(
diabetic(state(in#vivo.(The(objectives(of(this(study(are:(((
(
•! Establish( a( murine( model( of( type( 1( diabetes( via( multiple( low( dose(
Intraperitoneal(injections(of(streptozocin((STZ).(
•! Determine( if( MSC5CM( improves( islet( functionality( using( terminal(
plasma(insulin(ELISAs.(
•! Determine(if(MSC5CM(improves(retention(of(body(fat/weight(via(DEXA(
scans.(
•! Determine( if(MSC5CM( improves( islet(morphology( through(pancreatic(
histology.((
(
The( success( of( this( study( would( lend( further( support( to( the( therapeutic(
potential(of(the(MSC(secretome(on(a(live(model(of(diabetes,(and(determine(
its(potential(for(use(as(a(therapeutic(option(in(diabetes.(
!
!
( !
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4.2! Methods!
Materials(
Materials(used(in(the(in(vivo(experiments(are(listed(in(Section(2.1.(
(
Animal(Husbandry(
Animals(were(reared( in(accordance(to(procedures(detailed( in(Section(2.4.1.(
Induction( of( diabetes,( monitoring( of( mice( and( processing( of( mice( are(
described(in(Section(2.4.1.(
(
Insulin(ELISA((
Blood( plasma(was( obtained( from(mice( as( detailed( in( Section( 2.4.1.( Insulin(
ELISAs(were(performed(on(obtained(serum(samples(as(described( in(Section(
2.4.2.(
(
DEXA(Scans(
DEXA(scans(were(performed(on(mice(to(determine(body(fat(percentage(and(
lean(mass(as(described(in(Section(2.4.3.(
(
( (
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Pancreatic(Histology(
Pancreata( were( obtained( from( mice( and( preserved( in( formaldehyde( as(
described(in(Section(2.4.1.(Tissue(was(processed(and(imaged(as(described(in(
Section(2.4.4.(
!
4.3! Results!
4.3.1!Terminal!Insulin!ELISAs!
To(determine(the(secretory(profile(of(the(pancreatic(beta(cells,(Insulin(ELISAs(
were( performed( on( terminal( plasma( obtained( from( the( mice.( ( Figure( 4.1(
demonstrates(that(treatment(with(STZ(significantly(reduced((523.7%;(p<0.05)(
terminal(plasma( insulin(compared(to(the(non5diabetic(control( (non5diabetic(
control( 0.477(±(0.090ng/ml,( STZ( 0.364"±"0.040ng/ml).(MSC5CM(appears( to(
partially(restore(insulin(secretion(in(STZ5treated(mice.(Mice(treated(with(STZ(
and(MSC5CM(had(greater((+24.4%;(p(=(0.08)(terminal(plasma(insulin(compared(
to( mice( treated( with( STZ( alone( (STZ( +( MSC5CM( 0.453(± (0.098ng/ml,( STZ(
0.364"±"0.040ng/ml)(although(this(was(not(significant(at(the(5%(confidence(
interval((Figure(4.1). 
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Figure#4.1:#Graph#of#terminal#plasma#insulin#concentrations#for#untreated#controls,#STZ#diabetic#mice#
and#STZ#diabetic#mice#treated#with#MSCBCM.#Insulin#concentration#was#determined#by#ELISA.#Data#
presented#as#mean#+/B#standard#deviation.#*p<0.05#
#
4.3.2!DEXA!Scans!
DEXA( scans( were( performed( to( compare( body( composition( of(mice.(Mice(
treated(with(STZ(had(a(significantly(reduced((525.6%;(p<0.01)(total(body(fat(
compared(to(non5diabetic(control(mice((non5diabetic(control(3.68(±(0.705g,(
STZ(2.74"±"0.504g)((Figure(4.2).(Treatment(with(MSC5CM(did(not(result( in(a(
significant(improvement(in(fat(content(in(STZ(treated(mice((STZ(2.74"±"0.504g,(
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STZ(+(MSC5CM(2.61(±(0.695g)((Figure(4.2).(These(results(are(reflected(in(the(
body(fat(percentages(with(significant(falls(in(percentage(body(fat(seen(in(both(
STZ5treated(mice((519.2%;(p<0.05)(and(STZ(+(MSC5CM5treated(mice((524.8%;(
p<0.01).(Significant(falls(in(body(weight(were(seen(for(both(untreated(diabetic(
mice( (55.4%;( p<0.001)( and(MSC5CM5treated( diabetic(mice( (56.4%;( p<0.001)(
compared(to(the(non5diabetic(controls((non5diabetic(control(27.05(±(0.926g,(
STZ( 25.58 "±" 1.463g,( STZ( +( MSC5CM( 25.325( ± (0.721g).( No( significant(
differences(were(seen(between(groups(for(lean(masses((Figure(4.2).(
 
Figure#4.2#:#Comparison#of#percentage#fat,#total#fat,#weight#and#lean#mass#measured#using#DEXA#
scans.#A#B#comparison#of#percentage#fat;#B#B#Comparison#of#total#fat;#C#B#Comparison#of#weight;#D#B
Comparison# of# lean#mass.# Data# presented# as#mean# +/B# standard# deviation.# *p<0.05,# **p<0.01,#
***p<0.001#
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4.3.3!Pancreatic!Histology!
Pancreatic(histology(shows(Islets(of(Langerhans(which(can(be(seen(as(clusters(
of(cells(marked(by(asterisks(for(illustration(in(Figure(4.3.(These(are(surrounded(
by( the( secretory( acinar( cells( which( function( as( the( exocrine( part( of( the(
pancreas.(
!
Histological(analysis(revealed(a(significant(reduction(in(islet(size(and(number(
in(the(STZ(diabetic(mice(compared(to(both(the(non5diabetic(control(and(STZ(
diabetic(mice(treated(with(MSC5CM.((Representative(examples(of(histological(
images(obtained(are(shown(in(Figure(4.3.(Measurement(of(islet(area(revealed(
a(significant(reduction((527.3%;(p<0.01)(in(islet(size(in(mice(treated(with(STZ(
compared( to( the( non5diabetic( control( (non5diabetic( control( 56,419( ±(
14,246µm2,(STZ(40,995"±"10,899µm2)((Figure(4.4).(Treatment(with(MSC5CM(
appeared(to(restore(islet(morphology(and(size(as(seen(with(the(significantly(
greater((+32.7%;(p<0.05)(islet(size(in(MSC5CM(+(STZ5treated(mice(compared(
to( mice( treated( with( STZ( alone( (STZ( 40,995 "±"10,899µm2,( STZ( +( MSC5CM(
54,391"±"13,472µm2)((Figure(4.4).((
(
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Figure# 4.3:# Images# depicting# pancreatic# islet# histology# of#mice.# A# B# histology# from# nonBdiabetic#
control#mice;#B#B#histology#from#STZ#diabetic#mice;#C#B#histology#from#STZ#diabetic#mice#treated#with#
MSCBCM.#Asterisk#denotes#location#of#islets#(scale#bar#=#200µm).#
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Figure#4.4#:#Graph#of#average#islet#area#for#untreated#controls,#STZ#diabetic#mice#and#STZ#diabetic#
mice#treated#with#MSCBCM.#Data#presented#as#mean#+/B#standard#deviation.#*p<0.05,#**p<0.01#
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4.4! Discussion!
This(chapter(aimed(to(explore(the(effect(of(MSC5CM(on(a(streptozocin5induced(
model(of(diabetes(in(mice.(Our(study(shows(that(as(expected,(treatment(of(
mice(with(streptozocin(resulted(in(decreased(body(weight(and(loss(of(body(fat.(
This( is( thought( to( result( from( an( inability( of( diabetic( mice( to( metabolise(
carbohydrate( food( stores,( leading( to( a( shift( to( fatty( acid( metabolism( and(
subsequent(loss(of(body(fat(as(depicted(in(the(DEXA(scans(we(conducted.(248)((
Treatment(with(MSC5CM(appears( to(have( improved( islet( function(and( islet(
morphology(as(determined(by(serum(ELISAs(and(histological(analysis(at(the(
time(of( death.(However,( no( significant( difference(between( the(weight( and(
body(fat(of(MSC5CM(treated(diabetic(mice(and(non5treated(diabetic(mice(was(
observed.(
(
The(diabetic(microenvironment(in(type51(diabetes(is(known(to(cause(beta(cell(
dysfunction.(117,( 123,143,144,146)( Although( the( beta( cell(mass( in( the( STZ( treated(
mice(may(be(maintained(by(the(trophic(and(cytoprotective(effects(of(the(MSC5
CM,(the(beta(cells(may(be(dysfunctional(and(unable(to(appropriately(secrete(
insulin( in( response( to( changes( in( blood( glucose.( Thus( a( shift( to( fatty( acid(
metabolism(may( still( occur( in( the(MSC5CM( treated( diabetic( mice.( Further(
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study(involving(functional(tests(such(as(intraperitoneal(glucose(tolerance(tests(
(IPGTT)( could( provide( insight( in( to( the( functionality( of( beta( cells( in( mice(
treated( with( streptozocin( and( whether( MSC5CM( could( prevent( beta( cell(
dysfunction(and(improve(insulin(responsiveness.(STZ(is(also(known(to(cause(
hepatotoxicity(and(nephrotoxicity(which(could(result(in(stress(and(subsequent(
weight( loss.(237)(This(may(account( for( some(of( the(weight( loss( seen( in(both(
groups(of(STZ(treated(mice.((
(
There( are( significant( limitations( to( the( experimental( method( used( in( this(
chapter.(The(study(looked(at(a(snapshot(of(the(insulin(profile,(islet(histology(
and(body(fat(content(at(the(time(of(culling.(This(does(not(allow(for(a(trend(to(
be( determined( for( glycaemic( control( and( body( habitus.( Ideally,( the(
experiment(should(be(conducted(to(allow(for(periodic(monitoring(of(the(blood(
glucose( and( body( weight( as( well( as( serum( insulin( over( the( course( of( the(
experiment.( The( experiment( was( also( performed( with( 8( animals( in( each(
group,(which(presents(a(relatively(small(sample(size.(Ideally,(a(larger(sample(
size( could( be( used( to( reduce( the( propensity( for( error.( Furthermore,( the(
experiment(does(not(allow(us(to(determine(the(components(of(the(MSC5CM(
that(confers(its(therapeutic(benefit.((
Chapter(4:(Exploration(of(the(Effect(of(MSC5CM(on(an(
in(Vivo(Model(of(Autoimmune5Mediated(Diabetes(
(
(
(
( 199( (
(
(
In(conclusion,(periodic(IP(injections(of(MSC5CM(appeared(to(improve(insulin(
secretion( and( islet( histology( of( diabetic(mice( in( this( experiment,( although(
further( research( is( needed( to( determine( the( components( of( the( MSC(
secretome(that(exert(these(therapeutic(effects(and(whether(MSC5CM(is(able(
to(ameliorate(beta(cell(dysfunction(in(type(1(diabetes.(
!
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5.1! Introduction!
Type! 1! diabetes,! as! described! in! Chapter! 1,! is! a! TH12mediated! immune!
response!resulting!in!the!death!of!pancreatic!beta!cells.(189)!Pro2inflammatory!
cytokines,!namely!TNFα,!IFNγ!and!IL21β,!have!been!shown!to!be!implicated!in!
its!pathogenesis.(207)!These!factors!activate!the!NF2κB!and!AP21!pathways! in!
pancreatic!beta!cells!leading!to!apoptosis,!depletion!of!the!beta!cell!mass!and!
eventually!clinically!overt!diabetes.(1182120,1582161,187)!
!
Clinical!trials!utilising!stem!cell!therapy!for!the!treatment!of!type!1!diabetes!
have! shown! promising! results.! A! number! of! studies! including! a! study! by!
Voltarelli! et! al.! have! shown! improved! biochemical! markers! for! patients!
receiving! treatment,! indicating! improved! insulin! production! and! beta! cell!
function.(249)!However,!the!factors!that!mediate!this!therapeutic!effect!largely!
remain!unknown.!
!
We!theorise!that!the!MSC!secretome!may!contain!factors!that!directly!protect!
beta!cells!from!apoptosis!induced!by!pro2inflammatory!cytokines.!In!Chapter!
3,!we!demonstrated!that!conditioned!medium!containing!the!MSC!secretome!
significantly!improves!the!viability!of!BRIN2bd11!cells!in!vitro!measured!using!
!
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MTT! assays.! We! have! also! demonstrated! improved! islet! function! in! rats!
treated! with! MSC2CM! in! an! in! vivo! streptozocin! model! of! diabetes.! The!
components! of! the! secretome! that! confer! these! therapeutic! properties!
remain! to! be! fully! characterised,! and! this! is! an! area! that! is! being! studied!
extensively.! Proteomic! assays! have! uncovered! many! factors! in! the! MSC!
secretome!that!could!potentially!confer!this!benefit.(63)!
!
Previous!studies!have!shown!IL210!to!be!a!soluble!factor!secreted!by!MSCs.(63)!
IL210!is!known!to!broadly!act!as!an!immune2regulatory!cytokine,!despite!also!
having! immune2stimulatory!effects!on! certain! cell! types.(2002206,212,213,216)! The!
immune2regulatory!properties!of!this!cytokine!could!potentially!explain!some!
of!the!therapeutic!effects!observed.!!
!
It!could!be!hypothesised!that!in!addition!to!these!immune2regulatory!effects,!
IL210!may!directly!interact!with!beta!cells!and!prevent!cellular!dysfunction!and!
subsequent!apoptosis.!As!alluded!to! in!Chapter!1,! IL210!has!been!shown!to!
potentially!inhibit!the!NF2κB!pathway!through!the!expression!of!AIR!factors,!
as!well!as!stabilising!IκB!in!the!cytosol!and!preventing!the!translocation!of!NF2
κB!to!the!nucleus.(174,188,1892192).!!
!
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The!IL210!receptor!is!known!to!be!expressed!on!haematopoietic!cells!and!is!
involved!with!immunoregulation.(180)!Expression!has!also!been!characterised!
in! tissues! such!as!epithelial! cells!of! the! lung!and! small! intestine.(250,251)! The!
expression!of! the! IL210! receptor! on! pancreatic! beta! cells! however! remains!
poorly!characterised.!!
!
This!chapter!aims!to!determine!whether!IL210!could!directly!interact!with!beta!
cells!and!contribute!to!the!cytoprotection!of!beta!cells!conferred!by!the!MSC2
CM.!The!Objectives!of!this!Chapter!are:!
•! Characterise!the!presence!of!IL210!in!MSC2CM!using!ELISA!assays!
•! Characterise! the! presence! of! the! IL210! receptor! on! beta! cell! lines!
through!Electrophoresis!
•! Characterise! the! presence! of! the! IL210! receptor! on! beta! cell! lines!
through!immunofluorescence.!
!
Confirming!the!presence!of!IL210!receptors!on!pancreatic!islet!cells!and!IL210!
in!MSC2CM! are! the! first! steps! in! determining!whether! this! factor! plays! an!
important!role!in!the!direct!cytoprotection!of!pancreatic!islet!cells!conferred!
by!the!mesenchymal!stem!cell!secretome.!!
!
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5.2! Serial!ELISAs!for!IL810!
!
5.2.1!Methods!
Materials!
Materials!used!in!this!experiment!are!detailed!in!Section!2.1.!
!
MSC!Culture!Methods!
MSCs!were!recovered!and!expanded!as!detailed!in!Section!2.2.7.!Isolation!and!
culture!of!MSCs! is!detailed! in!Section!2.2.8.!Passaging!of!cells! is!detailed! in!
Section!2.2.5.!!
!
Procurement!and!Collection!of!MSC2CM!
Production! of!MSC2CM! for! subsequent! use! in! ELISAs! is! detailed! in! Section!
2.2.10.!
!
! !
!
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IL210!Serial!ELISAs!
ELISAs!were!conducted!to!determine!concentrations!of!IL210!in!MSC2CM!and!
determine!falls!in!concentrations!of!IL210!after!transfers!between!ELISA!plates.!
Details! of! the! methodology! including! preparation! of! materials,! plate!
preparation!and!serial!ELISA!protocol!can!be!found!in!Section!2.3.4.!
!
5.2.2!Results!of!Serial!ELISAs!for!IL810!on!MSC8CM!
The! concentration! of! IL210! in!MSC2CM!was! determined! to! be! 3,529!±"195!
pg/ml.!The!concentration!of!IL210!fell!significantly!(254.4%;!p<0.001)!after!one!
transfer! (T0! 3,529 "±" 195pg/ml,! T1! 1,610 "±" 506pg/ml).! After! the! second!
transfer,!the!concentration!was!determined!to!have!fallen!significantly!again!
(288.1%;!p<0.001)!as! compared! to!T1! (T1!1,610"±"195pg/ml,!T2!192"±"655)!
(Figure! 5.1).! This! confirms! that! sequential! ELISAs! are! a! viable! method! of!
depleting!IL210!from!conditioned!medium.!!
!
!
!
!
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!
Figure'5.1' :'Serial'ELISAs'for'detection'of' IL:10'concentrations' in'MSC:conditioned'RPMI'medium'
(MSC:CM).'T0'represents'concentrations'of'IL:10'in'MSC:CM'(Plate'1).'T1'shows'concentration'of'IL:
10' remaining' in'MSC:CM' transferred' from' Plate' 1' to' Plate' 2.' T2' shows' concentration' of' IL:10'
remaining'in'MSC:CM'after'transfer'from'Plate'2'to'Plate'3.'Data'presented'as'mean'+/:'standard'
deviation.'***P<0.001.'
!
!
!
!
!
!
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5.3! Characterising! the! IL810!Receptor! on!Beta! Cells!
by!RT8PCR!and!Electrophoresis!
!
!
5.3.1!Methods!
Materials!
Materials!used!in!this!experiment!can!be!found!in!Section!2.1.!
!
Cell!Lines!Utilised!
BRIN2bd11,!TC6!cells!and!MSCs!cells!were!utilised!in!this!experiment.!Details!
of!the!cell!lines!used!can!be!found!in!Section!2.2.2.!!
!
Cell!Culture!Methods!
Cells!were!obtained! from! liquid!nitrogen!dewars! located! at! the!Guy!Hilton!
Research!Center,!Stoke2on2Trent,!UK,!and!thawed!as!detailed!in!Section!2.2.4.!
Cells!were!trypsonised!and!suspended!in!medium!as!detailed!in!Section!2.2.5.!
Cell!counts!were!performed!as!detailed!in!Section!2.2.6.!
!
!
!
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MSC!Culture!Methods!
MSCs!were!recovered!and!expanded!as!detailed!in!Section!2.2.7.!Isolation!and!
culture! of! MSCs! is! detailed! in! Section! 2.2.8.! Cells! were! trypsonised! and!
suspended!in!medium!as!detailed!in!Section!2.2.5.!Cell!counts!were!performed!
as!detailed!in!Section!2.2.6.!
!
RT2PCR!Method!
RNA!was!extracted!from!BRIN2bd11!cells,!TC6!cells!and!MSCs!as!detailed! in!
Section!2.3.5.!!RNA!analysis!was!performed!on!extracted!RNA!as!described!in!
Section!2.3.6.!RT2PCR!was!performed!on!extracted!RNA!as!described!in!Section!
2.3.7.!Primer!design!for!use!in!RT2PCR!is!described!in!Section!2.3.8.!
!
Electrophoresis!Method!
Electrophoresis!was!performed!on!RT2PCR!products!to!determine!their!base!
pair!length.!Protocol!for!electrophoresis!and!imaging!of!gels!can!be!found!in!
Section!2.3.9.!
! !
!
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5.3.2!Results!!
5.3.2.1! Gel!Electrophoresis!of!PCR!Products!for!the!IL810!Receptor!from!
BRIN8bd11!Cells!(Experiment!1)!
To!determine! the!presence!of! IL10! receptors!on!BRIN2bd11! cells,! RNA!was!
extracted! from!BRIN2bd11!cells!and!RT2PCR!performed!on!the!RNA!extract.!
Base!pair!length!of!RT2PCR!products!was!determined!by!electrophoresis.!!
Primers!used!are!detailed!in!Table!5.1.!
!
In!addition!to!the!GAPDH!positive!control,!excess!primer!mixes!were!used!to!
run!the!experiment!with!RNA!extracted!from!Jurkat!cells.!Jurkat!cells!are!cells!
known!to!express!the!IL210!receptor!and!this!allows!a!comparison!between!
the!BRIN2bd11!cells!and!Jurkat!IL10RA!and!IL10RB!results.!
!
In!Figure!5.2,!laddering!of!the!bands!can!be!seen!for!the!BRIN!bd211!IL10RA!
and!IL10RB!samples!as!well!as!splitting!of!the!IL10RA!Jurkat!band.!This!could!
be! a! result! of! several! causes,! including! RNA! contamination! of! the! original!
BRIN2bd11!RNA!sample!and!non2specific!binding!of!the!primers.!The!negative!
controls!showed!no!bands,!indicating!that!RNA!contamination!did!not!occur!
over! the! course! of! the! RT2PCR! and! electrophoresis! experiments.! The! end!
!
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product!of!the!IL10RA!for!the!Jurkat!cells!was!in!the!correct!position!with!an!
expected!base!pair!value!of!175!(Figure!5.2)!The!IL10RB!result!for!the!Jurkat!
cells!was!also!as!expected!with!an!expected!base!pair!value!of!259!(Figure!5.2).!
In!contrast!to!this,!the!BRIN2bd11!IL10RA!and!IL10RB!bands!were!not!of!the!
expected! base! pair! value.! The! experiment! was! repeated! with! alterations!
detailed!in!Section!5.3.2.2.!
!
Gene!ID! Accession!
number!
Primer!
Pair!
Sequence!(5’83’)! Product!
length!
Melting!Temp!(oC)!
IL10RA!
!
NM_001558.3!
Homo!sapiens!
interleukin!10!
receptor,!alpha!
(IL10RA),!
transcript!variant!
1,!mRNA!
!
3!
!
Forward!
AGTCACTTCCGAG
AGTATGA!
!
Reverse!
TAGACCACATCCC
CTTGTTA!
175!
!
Forward!
55.03!
!
Reverse!
55.13!
IL10RB!
NM_000628.4!
Homo!sapiens!
interleukin!10!
receptor,!beta!
(IL10RB),!mRNA!
7!
Forward!!
CTCCCCAGTATGA
CTTTGAG!
!
Reverse!
AAGGCGTACTTTG
TCTTCTT!
!
259!
Forward!
59.75!
!
Reverse!
59.60!
GAPDH!
!
NM_001256799.2!
Homo!sapiens!
glyceraldehyde232
phosphate!
dehydrogenase!
(GAPDH),!
transcript!variant!
2,!mRNA!
2!
!
Forward!
GAAAGCCTGCCG
GTGACTAA!
!
Reverse!
TTCCCGTTCTCAG
CCTTGAC2!
301!
!
Forward!
60.32!
!
Reverse!
59.97!
'
Table'5.1':'Primers'used'in'BRIN:bd11'electrophoresis'(Experiment'1)'
!
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!
Figure'5.2':'Electrophoresis'of'BRIN:bd11'cells'(Experiment'1).' '1':'DNA'ladder;'2':' IL10RA'(BRIN:
bd11);'3':'IL10RA'(negative'control);'4':'IL10RB'(BRIN:bd11);'5':'IL10RB'(negative'control);'6':'GAPDH'
(BRIN:bd11);'7':'GAPDH'(negative'control);'8':'DNA'ladder;'9':'IL10RA'(Jurkat);'10':'IL10RA'(negative'
control);' 11' :' IL10RB' (Jurkat);' 12' :' IL10RB' (negative' control);' 13' –'GAPDH' (Jurkat);' 14' :'GAPDH'
(negative'control);'15':'DNA'ladder.'
! !
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5.3.2.2! Gel!Electrophoresis!of!PCR!Products!for!the!IL810!Receptor!from!
BRIN8bd11!Cells!(Experiment!2)!
Due!to! the!potential!RNA!contamination!of! the!original!sample!during!RNA!
extraction,!a!new!batch!of!RNA!was!extracted!from!BRIN2bd11!cells.!RT2PCR!
and! electrophoresis! were! subsequently! performed.! New! primers! were!
designed!for!this!experiment.!Primers!used!are!detailed!in!Table!5.2.!
!
In!the!second!experiment,!no!bands!were!seen!for!IL10RA!for!either!the!BRIN2
BD11!or!Jurkat!cells.!A!clear!band!for!IL10RB!was!seen!for!the!Jurkat!cells!with!
the!correct!base!pair!length!of!618;!however,!no!clear!bands!for!IL10RB!were!
seen!for!the!BRIN2bd11!cells!(Figure!5.3).!
!
Both!experiments!1!and!2!showed!that!in!most!cases!the!primers!worked!for!
the!Jurkat!cells!but!not!the!BRIN2bd11!cells.!Jurkat!cells!are!a!human!line!of!
cells!whereas!BRIN2bd11!are!derived! from!rat!pancreatic!cells.!The!primers!
used!in!the!first!two!experiments!were!based!on!the!human!gene!template.!
Thus!this!confirms!that!species2specific!primers!should!be!designed!for!use!in!
the!experiment.!Primers!based!on!rattus'norvegicus!(the!brown!Norway!rat)!
gene!template!were!designed!and!used!for!the!third!experiment.!
!
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Gene!ID! Accession!number!! Primer!Pair! Sequence!(5’83’)!
Product!
length!
Melting!Temp!
(oC)!
IL10RA!
NM_001558.3!!
Homo!sapiens!
interleukin!10!
receptor!subunit!
alpha!(IL10RA),!
transcript!variant!1,!
mRNA!
2!
Forward!
AGAGGGCCTCAATCTCC
CAT!
!
Reverse!
CAAGCCAGCTTGGTAG
TCCA!
129!
Forward!
60.03!
!
Reverse!
59.96!
IL10RB!
NM_000628.4!!
Homo!sapiens!
interleukin!10!
receptor!subunit!
beta!(IL10RB),!mRNA!
1!
Forward!
CAGACCCTGGACTTAGC
CAC!
!
Reverse!
GAGCTGACCACCCTTGA
GTT!
618!
Forward!
59.75!
!
Reverse!
59.60!
GAPDH!
NM_001256799.2!!
Homo!sapiens!
glyceraldehyde232
phosphate!
dehydrogenase!
(GAPDH),!transcript!
variant!2,!mRNA!
2!
Forward!
GAAAGCCTGCCGG
TGACTAA!
!
Reverse!
TTCCCGTTCTCAGCCTT
GAC!
301!
Forward!
60.32!
!
Reverse!
59.97!
!
Table'5.2':'Primers'used'in'BRIN:bd11'electrophoresis'(Experiment'2)'
!
!
!
!
!
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!
Figure'5.3' :'Electrophoresis'of'BRIN:bd11'cells' (Experiment'2).'1' :'DNA' ladder;'2' :' IL10RA'(BRIN:
bd11);'3':'IL10RA'(negative'control);'4':'IL10RB'(BRIN:bd11);'5':'IL10RB'(negative'control);'6':'GAPDH'
(BRIN:bd11);'7':'GAPDH'(negative'control);'8':'DNA'ladder;'9':'IL10RA'(Jurkat);'10':'IL10RA'(negative'
control);' 11' :' IL10RB' (Jurkat);' 12' :' IL10RB' (negative' control);' 13' –'GAPDH' (Jurkat);' 14' :'GAPDH'
(negative'control);'15':'DNA'ladder.'
! !
!
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5.3.2.3! Gel!Electrophoresis!of!PCR!Products!for!the!IL810!Receptor!from!
BRIN8bd11!Cells!(Experiment!3)!
A! new! batch! of! RNA! was! extracted! from! BRIN2bd11! cells.! RT2PCR! and!
electrophoresis!were!subsequently!performed.!However,! in!this!experiment!
the!Jurkat!positive!control!was!omitted!as!primers!designed!to!be!specific!to!
the!gene! template!of! rattus!norvegecus!will!not!work! for!a!human!derived!
Jurkat! T2cell! line.!New!primers!were! designed!using! the! gene! template! for!
rattus' norvegicus! and! custom! oligos! were! ordered! from! Thermo! Fisher!
Scientific.!These!primers!are!detailed!in!Table!5.3.!
!
The! final! product! size! for! IL10RA,! IL10RB! and! GAPDH! was! as! expected! as!
illustrated! in! Figure! 5.4b.! ! This! demonstrates! that! species2specific! primers!
should!be!designed!for!RT2PCR.!There!was!however!laddering!of!the!bands!as!
shown!in!Figure!5.4a.!This!could!again!be!due!to!non2specific!binding!of!the!
primers! or! RNA! contamination! of! the! RNA! sample.! The! experiment! was!
repeated! with! a! new! batch! of! RNA! and! the! annealing! temperature! was!
increased!from!55oC!to!56oC!to!increase!the!specificity!of!primer!binding.!The!
results!are!shown!in!Figure!5.5.!
!
!
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Further!raising!the!annealing!temperature!to!59oC!to!increase!the!specificity!
of!primer!binding!was!shown!to!remove!laddering!as!depicted!in!Figure!5.6a.!
The!product!size!was!as!expected!for!IL10RA,!IL10RB!and!GAPDH!as!depicted!
in! Figure! 5.6b.! This! experiment! demonstrates! that! closely! matching! the!
annealing!temperature!of!the!thermal!cycler!to!the!melting!temperature!of!
the! primers! utilised! can! improve! results! by! increasing! specificity! of! primer!
binding.!
!
In!summary,!gel!electrophoresis!of!PCR!products!from!BRIN2bd11!cells!using!
primers!specific!to!the!IL10RA,!IL10RB!and!GAPDH!genes!of!rattus'norvegicus!
showed! positive! results! for! IL10RA! as! depicted! in! Lane! 2! of! Figure! 5.6a!
(expected!bp!313).!!Positive!results!were!shown!for!IL10RB!as!depicted!in!Lane!
4!of!Figure!5.6a!(expected!bp!483).!Positive!results!were!shown!for!GAPDH!as!
depicted! in! Lane! 6! of! Figure! 5.6a! (expected! bp! 262).! Individual! base! pair!
comparisons!are!shown!in!Figure!5.6b.!
!
!
!
!
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!
Gene!ID! Accession!number! Primer!Pair! Sequence!(5’83’)!
Product!
length! Melting!Temp!(
oC)!
IL10RA!
NM_057193.2!!
Rattus!norvegicus!
interleukin!10!
receptor!subunit!
alpha!(IL10RA),!
mRNA!
2!
Forward!
GATTCCCTTGGCAGA
AGCCT!
!
Reverse!
CAATGGCAGGGTGAC
CAGAT!
313!
Forward!
60.03!
!
Reverse!
60.03!
IL10RB!
NM_001107111.1!!
Rattus!norvegicus!
interleukin!10!
receptor!subunit!
beta!(IL10RB),!
mRNA!
1!
Forward!
TGGTACTTCCAAGACC
GCTG!
!
Reverse!
GGGAGGGGTTGTTTC
ATCAC!
483!
Forward!
59.68!
!
Reverse!
58.45!
GAPDH!
NM_017008.4!!
Rattus!norvegicus!
glyceraldehyde232
phosphate!
dehydrogenase!
(GAPDH),!mRNA!
1!
Forward!
GCATCTTCTTGTGCAG
TGCC!
!
Reverse!
GATGGTGATGGGTTT
CCCGT!
262!
Forward!
60.11!
!
Reverse!
60.03!
'
Table'5.3:'Primers'used'in'BRIN:bd11'electrophoresis'(Experiment'3)'
!
!
!
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!
Figure'5.4a':'Electrophoresis'of'BRIN:bd11'cells'(Experiment'3)'(I).'1':'DNA'ladder;'2':'IL10RA;'3':'
IL10RA'(negative'control);'4':'IL10RB;'5':'IL10RB'(negative'control);'6'–'GAPDH;'7':GAPDH'(negative'
control);'8':'DNA'ladder.'
'
!
Figure'5.4b':'Electrophoresis'of'BRIN:bd11'cells'(Experiment'3)'(I)'a':'IL10RA'(expected'bp'313);'b':'
IL10RB'(expected'bp'483);'c':GAPDH'(expected'bp'262).'
!
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!
Figure'5.5:'Electrophoresis'of'BRIN:bd11'cells' (Experiment'3)' (II).'1' :'DNA' ladder;'2' :' IL10RA;'3' :'
IL10RA'(negative'control);'4':'IL10RB;'5':'IL10RB'(negative'control);'6'–'GAPDH;'7':GAPDH'(negative'
control);'8':'DNA'ladder.'''''''''''
!
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!
Figure'5.6a':'Electrophoresis'of'BRIN:bd11'cells'(Experiment'3)'(III).'1':'DNA'ladder;'2':'IL10RA;'3':'
IL10RA'(negative'control);'4':'IL10RB;'5':'IL10RB'(negative'control);'6'–'GAPDH;'7':GAPDH'(negative'
control);'8':'DNA'ladder.'
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!
Figure'5.6b':'Electrophoresis'of'BRIN:bd11'cells'(Experiment'3)'(III).'a':'IL10RA'(expected'bp'313);'b'
:'IL10RB'(expected'bp'483);'c':GAPDH'(expected'bp'262).'
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5.3.2.4! Gel!Electrophoresis!of!PCR!Products!for!the!IL810!Receptor!from!
Mesenchymal!Stem!Cells!!
To!determine!the!presence!of!IL10!receptors!on!MSC!cells,!RNA!was!extracted!
from!MSC!cells!and!RT2PCR!performed!on!the!RNA!extract.!Base!pair!length!of!
RT2PCR!products!was!determined!by!electrophoresis.!Primers!were!designed!
using!the!gene!template!for!homo'sapiens!and!custom!oligos!were!ordered!
from!Thermo!Fisher!Scientific.!These!primers!are!detailed!in!Table!5.4.!
!
Gel!electrophoresis!of!PCR!products!from!MSC!cells!using!primers!specific!to!
the!IL10RA,!IL10RB!and!GAPDH!genes!of!homo'sapiens'showed!positive!results!
for! IL10RA!as!depicted! in!Lane!2!of!Figure!5.7a! (expected!bp!360).!Positive!
results!were!shown!for!IL10RB!as!depicted!in!Lane!4!of!Figure!5.7a!(expected!
bp!618).!Positive!results!were!seen!for!GAPDH!as!depicted!in!Lane!6!of!Figure!
5.7a! (expected! bp! 311).! Individual! base! pair! comparisons! are! depicted! in!
Figure!5.7b.!
! !
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Gene!ID! Accession!number! Primer!Pair! Sequence!(5’83’)!
Product!
length! Melting!Temp!(
oC)!
IL10RA!
NM_001558.3!!
Homo!sapiens!
interleukin!10!receptor!
subunit!alpha!(IL10RA),!
transcript!variant!1,!
mRNA!
8!
Forward!
CAATAGCACAGACAGC
GGGA!
!
Reverse!
GCCTCATCAACCAGGCA
TCT!
360!
Forward!
60.11!
!
Reverse!
60.11!
IL10RB!
NM_000628.4!!
Homo!sapiens!
interleukin!10!receptor!
subunit!beta!(IL10RB),!
mRNA!
1!
Forward!
CAGACCCTGGACTTAGC
CAC!
!
Reverse!
GAGCTGACCACCCTTGA
GTT!
618!
Forward!
59.75!
!
Reverse!
59.60!
GAPDH!
NM_001289745.1!!
Homo!sapiens!
glyceraldehyde232
phosphate!
dehydrogenase!
(GAPDH),!transcript!
variant!3,!mRNA!
1!
Forward!
TGAAGACGGGCGGAGA
GAAA!
!
Reverse!
TTCCCGTTCTCAGCCTT
GAC!
311!
Forward!
61.18!
!
Reverse!
59.97!
'
Table'5.4:'Primers'used'in'MSC'electrophoresis'experiment'
!
!
!!!!!!!!!!!!!!!!!!!!!!
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!
Figure'5.7a':'Electrophoresis'of'MSCs.'1':'DNA'ladder;'2':'IL10RA;'3':'IL10RA'(negative'control);'4':'
IL10RB;'5':'IL10RB'(negative'control);'6'–'GAPDH;'7':'GAPDH'(negative'control);'8':'DNA'ladder.'
'''''''''''''''''''''''''''''''
'
Figure'5.7b':'Electrophoresis'of'MSCs.'a':'IL10RA'(expected'bp'360);'b':'IL10RB'(expected'bp'618);'c'
:'GAPDH'(expected'bp'311).'
!
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5.3.2.5! Gel!Electrophoresis!of!PCR!Products!for!the!IL810!Receptor!from!
TC6!Cells!
To!determine!the!presence!of!IL10!receptors!on!TC6!cells,!RNA!was!extracted!
from!TC6!cells!and!RT2PCR!performed!on!the!RNA!extract.!Base!pair!length!of!
RT2PCR!products!was!determined!by!electrophoresis.!!
!
Primers!were!designed!using!the!gene!template!for!mus'musculus!and!custom!
oligos!were!ordered!from!Thermo!Fisher!Scientific.!These!primers!are!detailed!
in!Table!5.5.!
!
Gel!electrophoresis!of!PCR!products!from!TC6!cells!using!primers!specific!to!
the!IL10RA,!IL10RB!and!GAPDH!genes!of!mus'musculus'showed!positive!results!
for!the!IL10RB!as!depicted!in!Lane!4!of!Figure!5.8a!(expected!bp!998).!Positive!
results!were!seen!for!GAPDH!as!depicted!in!Lane!6!of!Figure!5.8a!(expected!
bp!302).!A!band!with!a!higher!than!expected!base!pair!size!was!seen!for!IL10RA!
as!depicted!in!Lane!2!of!Figure!5.8a!(expected!bp!370).! Individual!base!pair!
comparisons!are!depicted!in!Figure!5.8b.!
! !
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Gene!ID! Accession!number! Primer!Pair! Sequence!(5’83’)!
Product!
length!
Melting!Temp!
(oC)!
IL10RA!
NM_008348.3!!
Mus!musculus!
interleukin!10!
receptor,!alpha!
(IL10RA),!transcript!
variant!1,!mRNA!
9!
Forward!
ATTGCATACGGGACAG
AACTGC!
!
Reverse!
AGATGATGCCGTCCATT
GCT!
370!
Forward!
61.26!
!
Reverse!
59.82!
IL10RB!
NM_008349.5!!
Mus!musculus!
interleukin!10!
receptor,!beta!
(IL10RB),!mRNA!
1!
Forward!!
CTTCCTTCTGGTGCCAG
CTCTA!
!
Reverse!
TGAGCAGTTTGGGGTC
ATCG!
!
998!
Forward!
61.74!
!
Reverse!
60.32!
GAPDH!
NM_001289726.1!!
Mus!musculus!
glyceraldehyde232
phosphate!
dehydrogenase!
(GAPDH),!transcript!
variant!1,!mRNA!
5!
Forward!
TAAGAGGGATGCTGCC
CTTAC!
!
Reverse!
GATGGGCTTCCCGTTGA
TGA!
!
302!
Forward!
59.23!
!
Reverse!
60.11!
''
Table'5.5':'Primers'used'in'TC6'electrophoresis'experiment.'
!
!
!
!
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!
Figure'5.8a':'Electrophoresis'of'TC6'cells.'1':'DNA'ladder;'2':'IL10RA;'3':'IL10RA'(negative'control);'4'
:'IL10RB;'5':'IL10RB'(negative'control);'6'–'GAPDH;'7':'GAPDH'(negative'control);'8':'DNA'ladder.'
!
Figure'5.8b':'Electrophoresis'of'TC6'cells.'a':'IL10RA'(expected'bp'370);'b':'IL10RB'(expected'bp'998);'
c':GAPDH'(expected'bp'302).'
!
!
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5.4! Characterising! the! IL810!Receptor! on!Beta! Cells!
by!Immunofluorescence!
!
5.4.1!Methods!
Materials!
Materials!used!in!this!experiment!can!be!found!in!Section!2.1.!
!
Cell!lines!Utilised!
BRIN2bd11,!TC6!cells!and!MSCs!cells!were!utilised!in!this!experiment.!Details!
of!the!cell!lines!used!can!be!found!in!Section!2.2.2.!!
!
Cell!Culture!Methods!
Cells!were!obtained! from! liquid!nitrogen!dewars! located! at! the!Guy!Hilton!
Research!Center,!Stoke2on2Trent,!UK,!and!thawed!as!detailed!in!Section!2.2.4.!
Cells!were!trypsonised!and!suspended!in!medium!as!detailed!in!Section!2.2.5.!
Cell!counts!were!performed!as!detailed!in!Section!2.2.6.!
!
!
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MSC!Culture!Methods!
MSCs!were!recovered!and!expanded!as!detailed!in!Section!2.2.7.!Isolation!and!
culture! of! MSCs! is! detailed! in! Section! 2.2.8.! Cells! were! trypsonised! and!
suspended!in!medium!as!detailed!in!Section!2.2.5.!Cell!counts!were!performed!
as!detailed!in!Section!2.2.6.!
!
Immunofluorescence!Protocol!
Details! of! seeding! cells,! fixing! of! cells,! blocking,! staining! of! cells! as!well! as!
image!capture!and!data!analysis!can!be!found!in!Section!2.3.10.!
!
!
!
!
!
!
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5.4.2!Results!
5.4.2.1! IF!Characterisation!of!IL810!Receptor!in!BRIN8bd11!Cells!
To!determine!whether!BRIN2bd11!cells!express!the!IL210!receptor!in!culture!
conditions! detailed! in! Section! 2.2.3,! fluorescent! conjugated! antibodies!
specific!to!the!IL10RA!and!IL10RB!components!of!the!receptor!were!utilised!to!
allow!visualisation!of!receptor!expression.!Staining!with!antibodies!specific!to!
IL10RA! resulted! in! a! fluorescent! intensity! visibly! greater! than! that! of! the!
isotype!control!(Figure!5.9).!No!autofluorescence!was!seen!for!BRIN2bd11!cells!
stained! with! DAPI! (Figure! 5.9).! Quantification! of! fluorescence! intensity!
demonstrated! a! significantly! greater! (+69.2%;! p<0.001)! intensity! of! the!
positive!stain!compared!to!the!control!(Figure!5.11).!Staining!with!antibodies!
specific!to!the!IL10RB!resulted!in!fluorescence!that!was!greater!in!the!positive!
stain!compared!to!the!isotype!control!(Figure!5.10).!The!stain!was!determined!
to!be!significantly!greater!(+61.4%;!p<0.001)!on!quantitative!analysis!(Figure!
5.11).!
!
!
!
!
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!
Figure'5.9' :' Immunofluorescence' images'demonstrating'expression'of' IL10RA'receptors'by'BRIN:
bd11'cells.'IL10RA:specific'antibodies'resulted'in'a'significantly'greater'fluorescence'intensity'than'
the' isotype' control.' DAPI' controls' displayed' no' autofluorescence.' Images' were' taken' at' x20'
magnification.'Scale'bar'='100µm'
'
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!
Figure'5.10':'Immunofluorescence'images'demonstrating'expression'of'IL10RB'receptors'by'BRIN:
bd11'cells.' IL10RB:specific'antibodies'resulted'in'a'significantly'greater'intensity'than'the'isotype'
control.' DAPI' controls' displayed' no' autofluorescence.' Images'were' taken' at' x20'magnification.'
Scale'bar'='100µm'
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!
Figure'5.11':'Quantification'of'immunofluorescence'for'characterisation'of'IL:10'receptors'expressed'
by'BRIN:bd11'cells.' Fluorescence' intensities'of'antigen:specific'antibodies'are' compared' to' their'
respective'isotype'controls'for'fields'taken'at'x20'magnification.'Isotype'intensities'are'normalised'
to' their' respective' antigen:specific' antibody.' Data' presented' as' mean' +/:' standard' deviation.'
***P<0.001'
!
!
!
!
!
!
!
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5.4.2.2! IF!Characterisation!of!IL810!Receptor!in!MSCs.!
To!determine!whether!MSCs!express!the!IL210!receptor!in!culture!conditions!
detailed! in! Section! 2.2.3,! fluorescent! conjugated! antibodies! specific! to! the!
IL10RA! and! IL10RB! components! of! the! receptor! were! utilised! to! allow!
visualisation! of! receptor! expression.! Staining! with! antibodies! specific! to!
IL10RA! resulted! in! a! fluorescent! intensity! visibly! greater! than! that! of! the!
isotype!control!(Figure!5.12).!No!autofluorescence!was!seen!for!MSCS!stained!
with! DAPI! (Figure! 5.12).! Quantification! of! fluorescence! intensity!
demonstrated! a! significantly! greater! (+60.0%;! p<0.001)! intensity! of! the!
positive!stain!compared!to!the!control!(Figure!5.14).!Staining!with!antibodies!
specific!to!the!IL10RB!resulted!in!fluorescence!that!was!greater!in!the!positive!
stain!compared!to!the!isotype!control!(Figure!5.13).!The!stain!was!determined!
to!be!significantly!greater!(+70.1%;!p<0.001)!on!quantitative!analysis!(Figure!
5.14).!
! !
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!
Figure'5.12':'Immunofluorescence'images'demonstrating'expression'of'IL10RA'receptors'by'MSCs.'
IL10RA:specific'antibodies'resulted'in'a'significantly'greater'fluorescence'intensity'than'the'isotype'
control.' DAPI' controls' displayed' no' autofluorescence.' Images'were' taken' at' x20'magnification.'
Scale'bar'='100µm.'
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!
Figure'5.13':'Immunofluorescence'images'demonstrating'expression'of'IL10RB'receptors'by'MSCs.'
IL10RB:specific'antibodies'resulted'in'a'significantly'greater'intensity'than'the'isotype'control.'DAPI'
controls' displayed' no' autofluorescence.' Images' were' taken' at' x20' magnification.' Scale' bar' ='
100µm.'
! !
MERGED! DAPI!FILTER! FITC!FILTER!
IS
O
TY
PE
+D
A
PI
!
D
A
PI
!
IL
10
RB
+D
A
PI
!
!
Chapter!5:!Characterising!the!IL210!Receptor!on!Beta!Cells!
!
!
!
236!
!
!
Figure'5.14':'Quantification'of'immunofluorescence'for'characterisation'of'IL:10'receptors'expressed'
by'MSCs.'Fluorescence' intensities'of'antigen:specific'antibodies'are'compared'to'their'respective'
isotype'controls' for' fields' taken'at' x20'magnification.' Isotype' intensities'are'normalised' to' their'
respective'antigen:specific'antibody.'Data'presented'as'mean'+/:'standard'deviation.'***P<0.001'
!
! !
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5.4.2.3! IF!Characterisation!of!IL810!Receptor!in!TC6!Cells!
To! determine! whether! TC6! cells! express! the! IL210! receptor! in! culture!
conditions! detailed! in! Section! 2.2.3,! fluorescent! conjugated! antibodies!
specific!to!the!IL10RA!and!IL10RB!components!of!the!receptor!were!utilised!to!
allow!visualisation!of!receptor!expression.!Staining!with!antibodies!specific!to!
IL10RA! resulted! in! a! fluorescent! intensity! visibly! greater! than! that! of! the!
isotype! control! (Figure! 5.15).! No! autofluorescence! was! seen! for! TC6! cells!
stained! with! DAPI! (Figure! 5.15).! Quantification! of! fluorescence! intensity!
demonstrated! a! significantly! greater! (+56.3%;! p<0.001)! intensity! of! the!
positive!stain!compared!to!the!control!(Figure!5.17).!Staining!with!antibodies!
specific! to! IL10RB! resulted! in! fluorescence! that!was! greater! in! the!positive!
stain!compared!to!the!isotype!control!(Figure!5.16).!The!stain!was!determined!
to!be!significantly!greater!(+55.5%;!p<0.001)!on!quantitative!analysis!(Figure!
5.17).!
! !
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!
Figure'5.15' :' Immunofluorescence' images'demonstrating' expression'of' IL10RA' receptors' by' TC6'
cells.' IL10RA:specific'antibodies'resulted' in'a'significantly'greater' fluorescence' intensity'than'the'
isotype' control.' DAPI' controls' displayed' no' autofluorescence.' Images' were' taken' at' x40'
magnification.'Scale'bar'='100µm'
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!
Figure' 5.16' :' Immunofluorescence' images' demonstrating' expression'of' IL10RB' receptors' by' TC6'
cells.'IL10RB:specific'antibodies'resulted'in'a'significantly'greater'intensity'than'the'isotype'control.'
DAPI'controls'displayed'no'autofluorescence.'Images'were'taken'at'x40'magnification.'Scale'bar'='
100µm.'
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Figure'5.17':'Quantification'of'immunofluorescence'for'characterisation'of'IL:10'receptors'expressed'
by'TC6'cells.'Fluorescence'intensity'of'antigen:specific'antibodies'are'compared'to'their'respective'
isotype'controls' for' fields' taken'at' x40'magnification.' Isotype' intensities'are'normalised' to' their'
respective'antigen:specific'antibody.'Data'presented'as'mean'+/:'standard'deviation.'***P<0.001'
! !
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5.5!Discussion!
The!mesenchymal!stem!cell!secretome!presents!an!exciting!and!novel!area!of!
research!in!the!field!of!stem!cell!therapy.!Proteomic!studies!have!uncovered!
a! complex!cocktail!of! soluble! factors! that!are! secreted!by! the!MSCs.!These!
include!angiogenic!factors!(e.g.!VEGF,!angiogenin),!Growth!and!trophic!factors!
(e.g.! BDNF,! EGF,! PIGF),! chemokines! (e.g.! CCL1,! CXCL2),! anti2inflammatory!
cytokines!(e.g.!IL210,!IL213)!and!haematopoietic!cytokines,!among!others.(63)!
!
As! discussed! in! Chapter! 1,! these! factors! have! been! shown! to! mediate!
therapeutic!benefits! in!a!number!of!disease!models,! including!autoimmune!
conditions,!cardiac!disease!and!neurological!disease.!(64266)!
!
To!uncover!the!factors!present!in!the!MSC2CM,!we!conducted!ELISA!assays.!
We!have!demonstrated!a!high!concentration!of!IL210!in!MSC2CM!using!ELISA!
assays,!and!as!described! in!Chapter!1,! IL210! is!a!cytokine! that!acts! through!
STAT3! signalling! and! is! well2characterised! for! its! immunomodulatory!
functions.!IL210!has!been!studied!in!the!context!of!autoimmune!diseases!such!
as!inflammatory!bowel!disease!(IBD)!where!administration!of!IL210!has!been!
shown!to!prevent!the!development!of!the!disease!in!murine!models!by!acting!
!
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as! an! immunosuppressant! and! attenuating! the! autoimmune! response.(200)!
Administration!of! IL210! to!diabetic!mice!has!shown!mixed!results.!Systemic!
administration! appears! to! be! beneficial! and! improve! insulin! metabolism.!
However,!local!expression!at!high!levels!appears!to!exacerbate!the!immune!
response.(2102214)!
!
Previous!studies!of!IL210!in!autoimmune!diseases!have!largely!focussed!on!its!
immunosuppressive!properties!via!its!actions!on!immune!cells!involved!in!the!
pathogenesis!of!autoimmune!diseases.!The!ability!of!IL210!to!directly!confer!
cytoprotection! to! beta! cells! in! the! context! of! type! 1! diabetes! has! to! my!
knowledge! not! previously! been! explored.! As! previously! discussed! we!
theorised!that!IL210!may!directly!confer!cytoprotective!effects!to!beta!cells!by!
blocking!NF2κB!through!a!number!of!mechanisms.(174,188,!1892191)!As!a!result,!we!
started!the!process!of!characterising!the!presence!of!receptors!on!beta!cell!
lines.!
!
In!this!chapter,!we!have!demonstrated!the!presence!of!the!IL210!receptor!in!
BRIN2bd11!beta!cell! lines!via!electrophoresis!and! immunofluorescence,!and!
TC6!cells!via!immunofluorescence.!This!indicates!that!IL210!could!directly!bind!
!
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to!receptors!on!the!surface!of!these!cells!and!initiate!in!STAT3!transduction!to!
the! nucleus.! As! alluded! to! earlier,! IL210! may! be! able! to! attenuate! pro2
inflammatory!cytokine2driven!apoptosis!in!beta!cells!through!the!blockage!of!
NF2κB!signal!transduction.!Further!study!is!however!required!to!determine!the!
extent!of! the!cytoprotective!effect! conferred!by! IL210!and! the!mechanisms!
whereby!IL210!exerts!these!effects.!!
!
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6.1! Summary!
The!objective!of!this!thesis!was!to!determine!the!effects!of!the!MSC!secretome!
on! in# vitro! and! in# vivo#models! of! diabetes.! An! Exploration! of! the! current!
understandings! of! the! pathophysiology! of! diabetes! has! uncovered! that!
destruction!of!beta!cells!is!mediated!!both!by!direct!cellular!toxicity!as!well!as!
by!proGinflammatory!cytokines.!These!cytokines!mediate!beta!cell!dysfunction!
and!apoptosis!and!perpetuate!the!immune!response!within!the!islet!leading!
to! progressive! depletion! of! the! beta! cell! mass! and! eventual! clinical!
manifestation! of! the! disease.(113G117)! Finding! a! way! to! inhibit! biochemical!
pathways!activated!by!these!cytokines!may!present!the!possibility!of!slowing!
or! even! halting! the! progression! of! the! disease.! Studying! the! stem! cell!
secretomes! ability! to! ameliorate! beta! cell! destruction! could! provide! an!
avenue! to! unravel! the! biochemical! pathways! involved! in! conferring! its!
therapeutic! benefits,! and! could! ultimately! pave! the!way! for! targeted! drug!
therapies!in!the!future.!The!results!of!this!thesis!as!summarised!below!shows!
that!the!MSCGCM!has!therapeutic!potential!in!the!context!of!Type!1!diabetes!
and!further!study!in!this!field!could!realise!these!goals.!
!
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!Chapter!3!of!this!thesis!demonstrated!that!the!MSCGCM!appears!to!improve!
the!viability!of!beta!cells!exposed!to!cytokines!implicated!in!the!pathogenesis!
of!type!1!diabetes!(TNFα,!IFNγ!and!ILG1β).!In!addition!to!this,!we!looked!at!the!
effects!of!the!MSCGCM!on!a!cytomix!of!all!three!cytokines!as!previous!studies!
have! indicated!a!possible! synergistic! effect!of! these! cytokines! in!mediating!
beta!cell!apoptosis.!The!in!vitro!study!by!Yeung!et#al.#demonstrated!decreased!
apoptosis!and!improved!survival!of!islet!cells!exposed!to!a!cytomix!of!these!
three! proGinflammatory! cytokines! when! coGcultured! in! the! same!
compartment!with!MSCs.(238)!We!demonstrated!via!colorimetric!MTT!assays!
that! secreted! factors! in! the! form! of! the! MSCGCM! appear! to! improve! the!
viability!as!measured!by!mitochondrial!metabolism!of!beta!cell!lines!in!vitro!
thus!supporting!the!findings!of!these!previous!studies.!
!
In!addition,!in!chapter!4!we!tested!the!effects!of!MSCGCM!on!a!multiple!low!
dose! streptozocin! in# vivo! model! of! diabetes.! Our! results! demonstrated!
improved! islet! function! and! restoration! of! insulin! secretion! in! MSCGCMG
treated!mice.!Previous!studies!have!demonstrated!the!ability!of!the!MSCGCM!
to! repair! islets! from!diabetic!mice! through! trophic! actions! of!MSCs,!which!
could! account! for! the! improved! metabolic! profiles! seen! in! our! MSCGCMG
!
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treated!mice.(240,242)!However,!we!did!not!determine!the!mechanisms!which!
conferred! the! improved! insulin! metabolism! seen! in! our! experiment.!
Immunoregulation! and! increased! proliferation! of! beta! cells! are! potential!
mechanisms!cited!in!previous!studies.!(74,238,240)!
!
The! mechanisms! whereby! the! MSCGCM! protects! cytokineGmediated!
reductions!in!beta!cell!viability!seen!in!our!in#vitro!experiments!remain!to!be!
elucidated.! The! NFGκB! and! APG1! pathways! have! been! implicated! in! the!
pathogenesis! of! the! disease.(118G120,158G161,187)! ! Indeed,! the! use! of! NFGκB!
inhibitors! has! been! shown! to! significantly! reduce! ILG1β+IFNγGinduced!
apoptosis!of!beta!cells.(120)!Furthermore,!Blockage!of!NFGκB!in!the!multipleGlow!
dose! streptozocinGinduced! model! of! diabetes! protected! against! beta! cell!
death!and!lymphocytic!infiltration!into!the!diseased!islets.(120)!Thus,!the!NFGκB!
pathway!appears!to!be!a!key!mediator!of!beta!cell!death!in!type!1!diabetes.!
!
It!could!be!theorised!that!factors!in!the!MSCGCM!may!exert!their!therapeutic!
effect!through!the!blockage!of!the!NFGκB!pathway!in!beta!cells.!Using!ELISAs,!
we!demonstrated!that!MSCGCM!contains!a!significant!concentration!of!ILG10.!
Previous!studies!have!indicated!that!ILG10!could!block!the!signal!transduction!
!
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of!NFGκB!by!the!induction!of!AIR!factors!as!well!as!stabilising!IκB!in!the!cytosol,!
thereby!preventing!translocation!of!NFGκB!to!the!nucleus!and!the!subsequent!
expression!of!proGinflammatory!mediators.(174,188,189G192)!The!effect!of!ILG10!in!
inhibiting! the! immune! response! through! the!blockage!of!NFGκB! in! immune!
cells! is! well! documented.(174,188)! Chapter! 5! of! the! thesis! demonstrated! the!
presence!of!ILG10!receptors!on!beta!cell!lines,!which!indicates!that!ILG10!could!
directly! interact! with! beta! cells! and!may! as! a! result! confer! cytoprotective!
effects!to!beta!cells!in!addition!to!modulating!the!immune!response.!Further!
study!is!needed!to!determine!the!role!ILG10!plays!in!the!cytoprotective!effect!
of!MSCs!on!the!beta!cell.!
!
Type! 1! diabetes! is! a! chronic! condition! that! requires! lifelong! treatment! to!
prevent! complications.! Complications! associated! with! diabetes! are! still! a!
major! cause! of! morbidity! and! mortality! for! diabetics! worldwide.! Finding!
treatments! that! could! stop! the! progression! of! the! disease! in! susceptible!
individuals! before! it! presents! clinically! would! eliminate! complicationG
associated!morbidity!and!mortality!in!patients!who!would!otherwise!go!on!to!
develop!the!disease.!!
!
!
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In!the!future,!it!may!be!possible!screen!for!susceptibility!to!the!development!
of!Type!1!diabetes!using!autoanibody!titres!and!genetic!profile!as!proposed!
by!Bonifacio!et#al#(252)#With!a!viable!treatment!to!halt!the!progression!of!the!
disease!and!a!screening!method!acceptable!to!the!patient,!intervening!before!
depletion! of! islet! mass! and! onset! of! clinical! diabetes! occurs! may! be! a!
possibility.!
!
In! this! thesis,! we! have! demonstrated! that! the! mesenchymal! stem! cell!
secretome!appears!to!have!therapeutic!properties!on!beta!cells!in!both!in!vitro!
and! in! vivo!models.! Our! study! has! however! only! scratched! the! surface! in!
developing! an! understanding! of! the! therapeutic! potential! of! the! MSC!
secretome! in! the! treatment! of! diabetes.! The!MSC! secretome! represents! a!
novel! method! to! further! our! understanding! of! a! wide! range! of! diseases!
beyond!diabetes,!and!further!research!in!this!area!of!regenerative!medicine!
could!revolutionise!the!practice!of!medicine!in!the!future.!!
! !
!
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6.2! Future!Directions!
Over! the!course!of! this!nine!month!project,! I!have!explored!the!viability!of!
MSCGCM!as!a!potential!option!for!the!treatment!of!type!1!diabetes!and!have!
started!some!of!the!characterisation!experiments!for!ILG10!signalling!to!begin!
looking!at! the!biochemical!pathways! that!may!confer! the!beneficial!effects!
seen.! The! findings! represent! the! groundwork! for! a! potentially!much! larger!
project,!and!given!more!time,!there!were!many!areas!that!could!have!been!
explored!in!greater!depth.!This!section!aims!to!lay!out!a!plan!of!work!for!future!
investigation!to!further!the!goals!of!this!project.!
!
This!results!of!this!thesis!demonstrated!improved!viabilities!!as!measured!by!
mitochondrial!metabolism!using!MTT!assays!for!cell!lines!treated!with!MSCG
CM!after!exposure!to!proGinflammatory!cytokines.!We!also!showed!that!ILG10!
is!a!factor!secreted!in!significant!quantities!in!the!MSC!secretome.!MTT!assays!
looking!for!the!effect!of!recombinant!ILG10!alone!in!the!concentrations!found!
in!MSCGCM! could! be! used! to! isolate! this! soluble! factor! and! determine! the!
extent!to!which!it!contributes!to!the!cytoprotective!effect!seen!for!MSCGCM!
as!a!whole.!
!
!
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The!next! logical! step!would!be! to! confirm! the!mechanisms! that! confer! the!
cytoprotective!effects!observed.!A!limitation!in!the!experiments!presented!in!
chapter!3!are!that!MTT!assays!only!measure!mitochondrial!metabolism,!which!
can!reflect!cell!viability.!It!is!not!a!test!for!apoptosis!and!does!determine!if!the!
improved!metabolic!results!on!treatment!with!MSCGCM!is!caused!by!reduced!
apoptosis!or!increased!proliferation!of!beta!cells.!To!address!this!a!number!of!
further!studies!can!be!proposed.!TUNEL!assays!have!been!used!in!the!past!to!
confirm! and! quantify! the! extent! of! apoptosis.! Furthermore,! exploring! the!
expression!of!proGapoptotic!genes!such!as!p53!using!western!blot!could!be!
carried!out.!This!could!be!done!to!determine!the!extent!to!which!MSCGCM!as!
a!whole!and!recombinant!ILG10!suppress!apoptosis!in!beta!cells!when!exposed!
to!proGinflammatory!cytokines.!!
!
A!!potential!proliferative!effect!of!the!MSCGCM!on!beta!cell!lines!in!vitro!has!
also!been!hypothesised.!To!confirm!this,!growth!curves!could!be!plotted!to!
demonstrate! differences! in! populationGdoubling! times! for! beta! cells! in! the!
presence!and!absence!of!MSCGCM.!This!could!be!performed!using!a!viability!
assay!such!as!Alamar!Blue!or! through!periodic!cell!counts.!Previous!studies!
have!also!measured!the!expression!of!cell!cycle!proteins!such!as!cyclins,!as!
!
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well!as!proteins!that!inhibit!cell!cycle!progression!such!as!p21,!to!determine!if!
there!is!a!difference!in!the!rate!of!proliferation.!!
!
Future! studies! could! involve! unravelling! the! signal! transduction! pathways!
which! the! soluble! factors! in! the!MSCGCM! act! upon! in! beta! cells.!We!were!
particularly!interested!in!the!potential!of!ILG10!to!confer!cytoprotective!effects!
directly! to! beta! cells! and! its! potential! ability! to! block! NFGκB! signal!
transduction.!Thus,!further!study!into!the!activity!of!NFGκB!in!cells!challenged!
with!proGinflammatory!cytokines!could!be!undertaken!comparing!cells!treated!
with! MSCGCM! and! untreated! controls.! This! would! allow! us! to! determine!
whether!MSCGCM!blocks!NFGκB!activation.!!
!
The! in# vivo! experiment! in! this! thesis! presented! a! number! of! limitations! as!
discussed!in!Chapter!4.!Further!study!could!involve!conducting!the!experiment!
with! periodic!measurement! of! blood! glucose! and! serum! insulin,! as!well! as!
body!weights!to!determine!if!trends!in!glycaemic!control!can!be!established.!
Subsequent!experiments!could!involve!determining!whether!IP!injections!of!
individual!components!or!combinations!of!factors!present!in!the!MSCGCM!are!
capable! of! achieving! improvements! in! islet! function! and! morphology! in!
!
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diabetic!mice.!This!would!complement!the!in!vitro!studies!to!determine!the!
components! of! the! MSC! secretome! that! confer! its! therapeutic! benefit.!
Another! limitation!highlighted! in! chapter!4! is! that! the! functionality!of!beta!
cells! were! not! tested! in! this! thesis.! Measuring! insulin! secretion! through!
glucose!challenges!could!be!used!to!determine!whether!the!MSC!secretome!
can!ameliorate!beta!cell!dysfunction!in!addition!to!preserving!beta!cell!mass.!
!
Recent!discoveries!have!shown!that!in!addition!to!soluble!factors,!exomes!play!
an!important!role!in!modifying!the!disease!state.!Being!capable!of!mediating!
horizontal!transfer!of!genetic!material!between!MSCs!and!target!cells,! they!
could!play!a!key!role!in!mediating!the!protective!effects!seen!in!our!model!of!
type!1!diabetes.!Characterising!the!exomes!released!by!MSCs!and!the!genes!
they!transfer!to!beta!cells!and!immune!cells!implicated!in!the!pathogenesis!of!
diabetes!is!another!avenue!that!could!be!explored!in!the!future.!!
!
The!use!of!stem!cell!products!for!the!treatment!of!diseases!is!an!exciting!field!
that!shows!promise!as!a!potential!therapeutic!option! in!the!future.!Further!
research!in!this!field!may!result!in!treatments!that!could!halt!and!reverse!the!
pathogenesis!of!diseases!like!type!1!diabetes.!!
!
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